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APPAIUTUS INCLUDING A WELLBORE AND WELLBORE CASING 

Background of thg in^^f**'^ 

•niis invention relates generally to apparatus including a weObore and 
casings, and in particular to wellbore casings that are fonned using expandable 
tubing. 

Convenlionall}., when a wellbore Is created, a number of casings ate 
implied In the borehole to prevent collapse of the borehole waU and to prevent 

umleslred outnow of driUng (luid into the ftmnatlon o, innow of (Md (hHn the 
fonnatlon into the borehole. T1« borehole is drilled in intervals whereby a 

-Sing which is to be installed inalower borehole interval is lowered througha 
previouslylnstalledcasingofanupperborehole interval. As a consequence of 

this procedure the cadrs of the lowermten^ Is of sn^ller diameter than the 
casing of the upper interval. T„„s, the casings are in a nested arrangement with 
casing diameters decreasing in dowmvaM direclioa Cement annuli are 
I«»Med between the outer surfaces of the casings and the borehole wall to 
««1 the casings ftom the borehole wail As a consequence of this nested 
anangementarelat^elytarge borehole diameteris required at the upperpa., 
ofthe wellbore. Such a large borehole diameter imrohres increased costs due 
to hea>y casing handling equipment, large drill bits and Increased vohmes of 
drilling (hrid and drill c««„gs. Moreover, increased driiUng rig time is involved 
due to required cement pumping, cement hardening, reqrAed equipment 

changes due to large variadons m hole diameters drilled in the course Of the 
wen, and the large volume of cuttings drilled and removed. 

UK present im«ntion is directed to overcoming one or more of the 
limitations of the existing 



procedures for forming new sections of casing in a 
wellbore. 

SuBunary of the Invention 

5 According to one aspect of the present invention, 

there is provided an apparatus comprising: a wellbore; 
a first wellbore casing coupled to the wellbore; a 
second wellbore casing coupled to the wellbore and 
overlapping with the first wellbore casing; and a tie- 

10 back liner coupled to the first and second wellbore 
casings and overlapping with the first and second 
wellbore casings; wherein the tie-back liner is coupled 
to the first and second wellbore casings by the process 
of: extruding at least a portion of the tie -back liner 

15 off of a mandrel. 

According to another aspect of the present 
invention, there is provided an apparatus comprising: a 
wellbore; a first wellbore casing coupled to the 
wellbore; a second wellbore casing coupled to the 
wellbore and overlapping with the first wellbore 
casing; and a tie-back liner coupled to the first and 
second wellbore casings and overlapping with the first 
and second wellbore casings; wherein the tie-back liner 
is coupled to the first and second wellbore casings by 
the process of: radially expanding at least a portion 
of the tie-back liner within the wellbore. 
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Brief Deacrip tlon of the Drawin<ya 

Pig. 1 is a fragmentary cross- sectional view 
illustrating the drilling of a new section of a well 
borehole. 

Pig. 2 is a fragmentary cross -sectional view 
illustrating the placement of an embodiment of an 
apparatus for creating a casing within the new section 
35 of the well borehole. 
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no. 3 is a ftagmentaiy cross-sectional view illustiating the InjecUon of a 
first quantity of a hardenabte fluidic sealing material Into the new section of the 
well borehole. 

FIG. 3a is another ftagmentaiy cross-sectional view illustrating the 
Inlection of a first quantity of a hardenabte fluldlc sealing material into the new 
section of tiie weU borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenabte fluidic sealing material Into ttie new section of 
the well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
a portion of the cured hardenabte fluidic sealing material from the new section 
oftheweUborehote. 

FIG. 6 is a cross-sectional view of an embodiment of the overiapping 
Joint betvk^ adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of the apparatus for creating 
a casing within a well borehole. 

FIG. 8 Is a iragmentaiy cross-sectional illustration of tiie placement of an 
expanded tubular member wittiin another tubular member. 

HG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing indudirig a driUabte mandrel and shoe. 

FIG. 9a is anotiier cross-sectional illustration of tfie apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is anotiier cross-sectional illusti^tion of the apparatus of RG. 9. 
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( FIG. 10a Is a cross-secdonal illustraUon of a weUbore including a pair of 

adjacent overlapping casings. 

FIG. 10b is a cross-secUonal illustration of an apparatus and method for 
creaUng a Ue-back liner using an expandible tubular member. 
5 FIG. 1 Oc is a cross-sectional iUustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. 1 Od is a cross-sectional illusti-ation of Uie pressuriidng of the interior of 
the tubular member below the mandrel. 

10 FIG. lOe Is a cross-sectional illustration of the extrusion of the tubular 

member off of the mandrel. 

FIG. lOf is a cross-sectional illustration of the tie-back liner before driUing 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
1 5 created using an expandible tubular member. 

FIG. 1 la is a fragmentaiy cross-sectional view illustrating ttie drffling of a 
new section of a well borehole. 

FIG. 1 1 b is a fragmentaiy cross-sectional view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner witiiin the new section 
20 of the well borehole. 

FIG. 1 Ic is a fragmentary cross-sectional view illustrating the injection of a 
first quantity of a hardenable fluidic sealing material into Uie new section of the 
well borehole. 

FIG. 1 Id is a fragmentary cross-sectional view illustrating ttie introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG. I le is a fragmentary cross-sectional view iUustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 1 If is a fragmentaiy cross-sectional view illustrating the completion of 
30 the tubular liner. 
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DetaUed Description of the lUustrative Embodiments 
An apparatus and method for fomnins a wellbore casing within a 
subtenanean fonnaOon is provided. The apparatus and method permits a 
wellbore casing to be formed in a subten-anean fomiaUon by placing a tubular 
5 member and a mandrel in a new section of a wellbore. and then extmding the 

lubularmember off of the mandrel bypressurizing an interiorportionofthe tubular 
member. The apparatus and method liirther pemiits adjacent tubular members 
in the weHbore to be joined using an overlapping joint that prevents fluid and or 
gas passage. The apparatus and method further permits a new tubular member 
10 to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. The apparatus and 
metfiod further minimizes the reduction in the hole size of the wellbore casing 
necessitated by the addition of new sections of wellbore casing. 

An apparatus and method for fonning a tie-back liner using an expandable 
15 tubular member is also provided The apparatus and metiiod permits a tie-back 
liner to be created by extmding a tubular member off of a mandrel bypressurizing 
and interior portion of tfie tubular member. In Uils manner, a tie-back Hner is 
produced The apparatus and method further pemUts adjacent tubular members 
in the wellbore to be joined using an overiapping joint that prevents fluid and/or 
20 gas passage. The apparatus and meUiod further pemiiis a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a prefen-ed 

25 e"»bodiment,tiielnteriorportionsoftheapparatusiscomposedofmaterialsthat 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole r^ion. the apparatus 
may be easily removed. 

An apparatus and metiiod for hanging an expandable tubular liner in a 
30 wellboreisalsoprovided. The apparatus and metiiod permit a tubular liner to be 
attached to an existing section of casing. The apparatus and metiiod further have 
application to the joining of tubular members In geneial. 
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^ Keferringinitially toPigB. 1^. an embo'cfiln^tof anaii^iis Ikd method 

for fonning a wellbore casing within a subterranean formation wiU now be 
described. As iUustrated in Kg. 1. a wellbore 100 is positioned in a subterranean 
formation 106. The wellbore 100 includes an existing cased section 1 10 having a 
5 tubular casing 116 and an annular outer layer of cement 120. 

In order to extend the weUbore 100 into the subterranean formation 105. 

a driU string 125 is used in a weU Imown manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a weUbore casing in 
10 asubterraneanformationisthenpositionedinthenewsection ISO of the weUbore 
100. The apparatus 200 preferably indodes an expandable mandrel or pig 206, a 
tubular member 210. a shoe 215, a lower cup seal 220, an upper cup seal 226,' a 

fluidpa88age230,afluidpas8age236,afluidpa88age240,seals246,anda8upport 
mraiber256. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 260. The expandable mandrel 206 is preferably adapted to controUably 
expand in a radial direction. The «q»ndable mandrel 206 may comprise any 
number of conventional commerdaUy available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 «a«>odiment,theexpandablemandrel206comprise3ahydraulicexpansiontoolas 
disclosed in U.S. Patent No. 5,348,096, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

Thetubularmember210issuRportedbytheaq»andablemandrel206 The 
26 tubular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 206. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example 
Oilfield Country Tubular Goods (OCTG). 13 chromium steel tubing^casing. or 
plastic tubing/casing. In a preferred embodiment, the tubular member 210 is 
30 febricatedfromOCTOinordertomaximizestrengthafterexpansion. Theinner 
and outer diameters of the tubular member 210may range, for exanqjle, from 
approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 1» 121.92 cms 
(1 .05 to 48 inches), respectively. In a preferred 



embodiment, the inner and outer diameters of the tubular member 210 range from 
about 7.62 to 39.37 cms (3 to 15.5 inches) and 8.89 to 40.64 cms C3.5 to 16 inches), 
respectively in order to optimally provide minimal telescoping effect in the most 
commonly drilled weBbore sizes. TTie tubular member 2 1 0 preferably comprises a 
sofid member. 

In a preferred embodiment, the end portion 260 of the tubular member 21 0 is 
slotted, perforated, or othenvise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 21 0. In a preferred embodiment, 
the length of the tubular member 2 1 0 is limited to minimize the possibility of buckling. 
For^ical tubular member 210 materials, the length of the tubular member 210 is 
preferably limited to between about 12.192 to 6,096m C40 to 20.000 feet) in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 
member 210. The shoe 215 Includes fluid passage 240. TTie shoe 215 may 
comprise any number of conventional commercially available shoes such as. 
for example. Super Seal II float shoe, Super Seal II Down-Jet float shoe or a 
guide shoe with a sealing sleeve for a latch down plug modified In accordance 
with the teachings of the present disclosure. In a preferred embodiment, the 
shoe 215 comprises an aluminum down-jet guide shoe with a sealing sleeve for 
a latch-down phig available from Halliburton Eneigy Services in Dallas. TX, 
modified in accordance with the teachings of the present disclosure, in oitler to 
optimally guide the tubular member 210 in the weDbore, optimally provide an 
adequate seal between Uie Interior and exterior diametere of the overiapping 
joint between the tubular members, and to optimally allow the complete drill 
out of the shoe and plug after the completion of the cementing and expansion 
operations. 

In a prefened embodiment, the shoe 215 includes one or more through 
and side ouUet ports In fluidic communication ivith the fluid passage 240. In 
this manner, the shoe 215 optimally Injects haidenable fluidic sealing material 
into the region outside the shoe 215 and toibular member 210. In a prefened 
embodiment, the shoe 21 5 includes the fluid passage 240 having an inlet 
geometry that can recede a dart and/or a baO sealing member. In this manner, 
the fluid passage 240 can be optimally sealed off by Intioducing a plug, dart 
and/br baU sealing elements into the fluid passage 230. 
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^ The lower cup seal 220 is coupled to antf supported lie slippiiit member 

250. Thebwercupseal220preventsforeignmaterialsfn)mentermgthemter^^^ 
region of the tubular member 210 acUacent to the expandable mandrel 206. The 
lower cup seal 220 may comprise any number of conventional commerciaUy 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 

aprefeired embodiment, the lower cup seal 220 comprisesaSIP cup seal, available 

fromHaUiburton Energy Services in Dallas, TX in ordertooptimallyblockforeign 
material and contain a body of lubricant. 

1 0 The upper cup seal 22 5 is coupled to and supported by the support; member 

250. TheuppercupseaI225preventsforeignmaterialafromenteringtheinterior 
region of the tubular member 210. The upper cup seal 225 may comprise any 

number ofconventionalcommerdaUy available cup sealsauch a^ for example, IP 
cups or SIP cups modified in accordance with the teachings of the present 

15 disclosure. In a pieferred embodiment, the upper cup seal 225 comprises a SIP 
cup,availableftomHalliburtonEnergyServioe8inDallas,TXino^^ 
block the entiy of foreign materials and contain a boc^y of hibricant. 

The fluid passage 230 permits fluidic materials to be transported to and 

from theinteriorr^ofthetubularmember210below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 260 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 

inandrel205. The fluid passage 230 is preferably positioned along a centeriine of 
the apparatus 200. 

25 

The fluid passage 230 is preferably selected, in the casii^ running mode of operation, to 
transport materials such as drilling mud or formation fluids at flow rates and pressures ranging 
from about 0 to 1 1356.2355 lilresAninute (0 to 3,000 gallons/minute) and 0 to (520.52813 bar (0 

to 9.000 psi) in order to minimize drag on tbe tubular member being nm and to minimize «^ 
pressures exerted on the wellbore which could cause a loss of wellbore fluids and lead to hole 
jQ collapse. 

The fluid passage 236 permits fluidic materials to be released from the fluid 
passage 230. In this mmmer. during placement of the apparatus 200 within the 



B» ,30 of the ™lIbo« 100, V 

pa»^230ca.,e.,e^^.,^,^,^^^^^j;^^^ 

_ '»^-^l««-.ooU»w,Bbor..eo«»130.Tl„fluidp,^ 
235 „ coupled to and p.^«..ed ^ the support m. Tte nZ 

6 Pi^BfiirtheriluidicSrcoupledtothefluidpafflageaao 

-n^ fluid passage 236 p«fe„Wy . ^ 

c^auddosiagthefluidp.s»ige2S5. Inap„fe,redembodn„ent, theeontj 
fl^"'^"^"°*"""""""«''^-~»^P«-ures. -n. 

The fluid passage 235 is preferably selected to convey fluidic materials at flow 
rates and pressures ranging fiom about 0 to 11356.2355 litres/minute (0 to 3 000 
gallons/minute) and 0 to 620.528 1 3 bar (0 to 9.000 psi) in order to reduce the drag on the 
apparatus 200 during insertion into the new section 130 of the weUbore 100 and to 
15 nunmuze surge pressures on the new wellbore section 1 30. 

The fluid passage 240 p,»,t. Itaidic ^ ^ ..^^^^ 

' ■^•^ «° ■» coupled to and p.dtio«d ^thin the d«« 216 fluidic 
ouunun^^ation with the inteHor region of the ^ 

ZTT^rr ^^-^^«-»cros3.sei:^ 

flhapethatpenmt8aplug,orother8imiIardevicetobeDlflr.Mi.fl -a 

*u 1. . 1 • «o vit^, lo oe placed in fluid passaire 240 

it7tL^2r'^°''^~ I~tManuu.er.ZL: 
^Ponj the tuhular n.ena«r 210 below the e:,p^b ^ 

fl^«U.edi^theregione«eriortothetub«,a.n»n^210.,,^^t 

ZTTr '^"^•^^^'•^-^'rPO-'foned.ubstanti.^ 
along Uiecenterhneofthe apparatus 200. 

^""•.talta.gm»dorqK,:d.salflowr«e..adp^.r.a^gfa^^«0» 

n™r«cho„,30of..=wcUbor.,00wia.fl^„. 
_ ^'Ud passage 240 «^«uuwu. 



^ includes an inlet geometry that can receive a'dak and/ir 'a hall ULlkg member. 
In this manner, the fluid passage 240 can be sealed off by introducing a plug, dart 
and/or baU sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularmember210. The seals 245 are ftirtJier positioned on an outer surface 265 
of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 of the tubular member 210 to be fluidicly sealed. The seals 245 may comprise 
any number of conventional commercially available seals such as. for example. 
10 Iead,nibber.Teflon™ orcpoxyseaJsmodifiedinaccoidancewiththeteachingsof 

thepresentdisdosure. In a preferred embodiment, the seals 245 are molded ftom 
StratalockepojgravailablefiromHaIIiburtonEnetgyServicesinDallas,TXinorde^ 
to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
16 In a preferred embodiment, the seals 245 are selected to optimally provide 

a sufficient Actional force to support the expanded tubular member 2 1 0 W the 
existing casing 116. In a preferred embodiment, the Motional force optimally 
provided by the seals 245 nmges fiom about 68.94757 to ^8.947.57 bar (1.000 to 
1.000.000 Ibf) in order to optimaUy si^oit the expanded tabular member 21 0. 

20 TJ«««PP°rtmember250i8coupledtotheexpandablemandrel205.tubular 
member 210. shoe 215. and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to cany the 
apparatus 200 into the new section 130 of the wellbore 100. In a preferred 
embodiment, the support member 250 further includes one or more conventional 
25 cenfcralizers (not illustrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantiiy of lubricant 276 is provided in the 
annular region above the expandable mandrel 206 within the interior of the 
tubularmember210. In this manner, the extrusion ofthe tubular member 2 10 off 
ofthe«q,andablemandrel205i8fecmtated. The lubricant 276 msy comprise any 
30 number of conventional commercially available lubricants such as. for example. 
Lubriplate™. chlorine based lubricants, oil based lubricants or Climax 1500 Antisieze 
(3100). In a preferred embodiment, the lubricant 276 comprises Climax 1500 
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^ Antiaeze (3100) avaikblefrtmi Climax Lubriciite and Equipi^^^ Houston, 
TX in order to optimaUy provide optimum lubrication to &ciliate the expansion 
^ process. 

In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized. This 
minimizes thepossibility of foreign material clogging the various flow passages and 
valves of the apparatus 200. 

In a preferred embodiment, before or after positioning the apparatus 200 
10 within the new section 130 of the weUbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 

apparatus 200 andtoensurethatno foreign material interferes with the expansion 
process. 

15 ^i"«»stratedinFig.3,thefluidpassage235isthenclosedandahardenable 
fluidic sealing material 306 is then pumped from a surface location into the fluid 
passage 230. The material 306 then passes from the fluid passage 230 into the 
- interiorregion 310 of the tubular member 210 below the expandable mandrel 205. 

The material 305 then passes from the interior region 310 into the fluid passage 
20 240. The material 305 then exits the apparatus 200 and fills the annular region 
316 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 
The material 305 is preferably pumped into the amiTiJar region 3 1 5 at pressures 
25 and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5000 psi) and 0 
to 5,678. 11 77 litres/minute (0 to 1,500 gaUons/min), lespectively. The optimum flow 
rate and operating pressures vary as a function of the casing and weUbore sizes, wellbore 
section length, available pumping equipment, and fluid properties of the fluidic material 
being pumped. The optimum flow rate and operating pressure are preferably detennined 
using conventional empirical methods 

30 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional comma:cially available hardenable fluidic sealing materials such as. 
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( for example, slag „u, cemen, o, apoxy. a prefen^d'em'bodtaem, U,e 

■-enable Buidic sealing maieria. 305 con,p,bes a blended cemen, p„pa«, 
speclficauy for tt,e particular well secion bel,^ drilled f»m Halllbunon Ene^y 

*™fc«'"''allas,-n(lnorde„op,ovideop„malsupp„„for.ub..la,membe,210 

whilealsomain.ainingopumumnowcha»c.erisdcssoas.omirtmi»dimculues 

duringu.adlsplacememofcemen.i„o»a™ular,egion3.5.-meoptaumblend 
Of .he blended cement is p«fe,ably delemUned using convenUo«.l empirical 

methods. 

•n«an«,larreglon315preferablylslilledwitt,a,ematerial305insufflcienl 
qua«l«es,oensu,eftatuponradialexpansionoftt«,ubularmember2I0 .he 
annular reglonsisof the ««vsecdon ISOof U,ewellbore 100 will be filled iviu, 
material 305. 

In a particularly preferred embodiment as i|jus.ra.ed in Fig. 3a the wall 

«»c'="«»»<'/or.heouterdiame.erof.he.ubularmember210isredu.;edlnO« 
15 region ad|acen. .o .he mandrel 205 in order opUmally penni, placement of the 
apparatus 200 in positions in tt,e wellbore wid, Ugh. clearances. Fu,them»,e, In 
manner, the IniUation of the radial expansion of the tubular member 210 
dunng die extmsion process is opdmally facilitated. 

20 fliled wrth material 305, a plug 405. or other similar device, is Intr^Juced into the 

Iluidpassa8e240the,ebyfluidlclylsolaangthein.erior,egion310fr„mtheannular 
reg,on 31 5. In a prefened embodiment, a non*a«)enable fhridlc maierial 306 is 

Uienpumpedintothelnterior^glonSIOcauslngtheinteriorregiontopressurize 
In this manner, the interior of the expanded tubular member 2 10 will no, contain 

25 s.gniflcamamou„tsofcu.edma,erial305. TWs reduces and simplifies ihe cost of 
the entlm process. Altemath.ely, the material 305 may be used during this phase 

of the process. 

Once the Interior region 310 becomes suBIciemly pressurized, the tubular 
'"ember2l01sex.n,dedoffoftheexpandablemand,el205. During the extrusion 
30 process, 'he«<Pandable mandrel 205 may be raised out of the expanded pordon 
of the tubular member 210. In a prefened embodiment, during the extrusion 
process, the mandrel 205 Is raised a, approximately the same rate as the tubular 

12. 



^ member 210 is expanded in order to keep tEi*td,ular m^er'sio'kationaiy 
relative to the new weUbore section 130. In an alternative preferred embodiment 

theextnisionpn>ces8iscominencedwittthetubularmember210positionedabove' 
the bottom of the new wellbore section 130. keeping the mandrel 205 stationary 
5 and allowing the tubular member 210 to extrude oflfof the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed in to the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surfece location in a conventional 
mamier. The plug 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hardenable fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 

available devicesfrompluggingafluidpas8agesuchas.forexample.MultipleStege 
Cementer (MSG) lateh-down plug, Om^ lateh^own plug or three-wiper lateh- 

downplugmodifiedin accordance witii the teachingsofthepresentdisclosure. In 

15 aP'«fen^embodiment,theplug405comprise8flMSClatchKiownplugavailable 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 406 in the fluid passage 240, a non hardenable 
- fluidic material 306 is preferably pumped into the interior region 310 atpres^rres 

T^T^. ""^^ "^^"^ approximately 27.579028 to 689.4757 bar (400 
20 '^/°'00°P«)-d "3.5623 to 15141.6473 litres^„te(30to4.000 I 
^ inanner. the amount of hardenable fluidic sealing material within the interior 3 10 of 

pug405mtheflurd passage 240. the non hardenablematerial 306 is preferably pum^ 
mto^emtenorregion310atpressu«sandflowrates,angingfiomapp^ 

to 3.000 gallons/min) in order to maximize the extmsion^ 

In a preferred embodiment, the apparatus 200 is adapted to minhnize 
tensile, burst, and friction efifecte upon the tubular member 210 during the 
expansion process. These effecte wiU be depend upon the geometry of the 

expansion mandrel 205. the material composition of the tubular member210and 
30 e:q,ansion mandrel 205. the inner diameter of the tubular member 210. the wall 
thicknessof the tubular member 210. the type of lubricant, and theyield strength 
J)fthetubularmember210. In general, the thicker the wall thickness, the smaUer 
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^ the inner diameter, and the greater the yield ^ta^n^th of the tubulw m^ber 210, 
then the greater the operating pressures 'required to extrude the tubular member 
210 off of the mandrel 205. 

For typical tubular members210, the eactrusion of the tubular member 210 
5 off of the expandable mandrel will begin when the pressure of the interior region 
310 reaches, for example, approximately 34.472 to 620.528 bar (500 to 9.000 psi). 

During the extrusion process, the expandable mandrel 205 may be raised 
out of the expanded portion of the tubular member 210 at rates ranging, for 
example, fromabout 0 to 5 ft/sec. In apreferred embodiment, during the extrusion 
10 process, the expandable mandrel 205 is raised out of the expanded portion of the 
tubular member 210 at rates ranging fiom about 0 to 0.6096 m/s (0 to 2 ft/sec) in ord« to 
minimize the time required for the expansion process while also pennitting easy control 
of the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 
15 fflqaandable mandrel 205, the outer sur&ce 265 of the end portion 260 of the 
tubular member 210 wiU preferabty contact the interior surface 410 of the end 
portion 270 of the casmg 115 to form an fluid tight overlapping joint. The contact 
pressure of (he oyerlapping joint may range, for example, from approximate^ 3.447379 to 
1,278.9514 bar (50 to 20,000 psi). In a preferred embodiment tiie contact pressure of the 
20 overlapping joint ranges from approximately 27.579028 to 689.4757 bar (400 to 10.000 psi") in 
(H-der to provide optixaam pressure to activate Oe annular sealing members 245 and (^tsmaOy 
provide resistance to axial motion to accommodate typical tensile and compressive loads. 

The overlappingjointbetween the section41Dof the existing casing 115 and 
the section265ofthe expanded tubular member210preferablyprovidesagaseous 
25 and fluidic seal. In a particularly preferred embodiment, the sealing members 246 
optimally provide a fluidic and gaseous seal in the overliq)ping joint. 

In a preferred embodiment, the operating pressure and flow rate of the non 

hardenable fluidic material 306 is controUably ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 210 off of the expandable mandrel 205 can be minimized. In a 
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^ preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during tlie end of the extrusion process beginning 
when the mandrel 205 is within about 1.524 m ( 5 feet) from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the siq>port 
member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for xise in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
removed £rom the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 115 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactoxy, 
then any uncured portion of the nmterial 305 within the expanded tubular member 
20 210isthenremovedinaconventionalmannersuchas,forexample, circulating the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 is then allowed to cure. 

As illustrated in Fig. 5, preferably any remaining cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 215 and dart 406 may then be removed by drilling out the 
_ shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in'Kg: 6) th^JppJr portion 260 of 
the tubular member 2 1 0 includes one or more sealing members 605 and one or 
more pressure relief holes 6 1 0. In this manner, the overlapping ioint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalized during the extnrsion process. 

In a preferred embodiment, the sealirig members 605 are seated within 
recesses 61 5 fornied in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
members 605 are bonded or molded onto the outer suriace 265 of the upper 
portion 260 of the tubular member 2 1 0. TTie pressure relief holes 6 1 0 are 
preferably positioned in the last few feel of the tubular member 2 1 0. Tlie 
pressure relief holes reduce the operating pressures required to expand the 
upper portion 260 of the tubular member 210. -Hiis reduction in required 
operating pressure in turn reduces the velocity of ttie mandrel 205 upon tfie 
compleUon of the extnision process. This reduction in velocity In turn minimizes 
the mechanical shock to tiie entire apparatus 200 upon the completion of the 
extrusion process. 

Refem-ng now to Fig. 7, apparatus 700 for forming a casing within a 
wellbore preferably includes an expandable mandrel or pig 705. an expandable 
mandrel or pig container 710. a tubular member 715. a float shoe 720. a lower 
cup seal 725, an upper cup seal 730. a fluid passage 735, a fluid passage 740. a 
support member 745, a body of lubricant 750. an overshot connection 755. 
anottier support member 760. and a stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is further coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllably expand In a radial direction. The expandable mandrel 705 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance wiUi the teachings of tfie present disclosure, 
the expandable mandrel 705 preferably comprises a hydraulic expansion tool 
substantially as disclosed In U.S. Pat. No. 5.348,095, the contents of 
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which are incoiporated herein tiy ikerence, modified in accordance with Ihe 
teachings of the present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 71 0 is further coupled 
to the expandable mandrel 705. The expandable mandrel container 710 may be 
conslnjcted from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. The expandable mandrel container 710 may be preferably 
fabricated from material having a greater strength than the material from which 
the tubular member 71 5 is fabricated. In this manner, the container 710 can be 
fabricated from a tubular material having a thinner wall thickness than the 
tubular member 210, This permits the container 710 to pass through tight 
clearances thereby facilitating its placement within the wellbore. 

Once the expansion process begins, and the thicker, lower strength 
material of the tubular member 715 is expanded, the outside diameter of the 
tubular member 715 is greater than the outside diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. Hie tubular member 715 maybe 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. The hibular member 
715 may be fabricated from OCTG. 

The tubular member 715 preferably has a substantially annular cross- 
section. More preferably, the tubular member 715 has a substantially circular 
annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intennediate section 810, and a lower section 815. The upper section 805 of the 
tubular member 715 preferably is defined by the region beginning in Oie vicinity 
of the mandrel container 710 and ending with tiie top section 820 of the tubular 
member 715. The inlemiediate section 810 of the tubular member 715 is 
preferably 

defined by tiie region beginning In tfie vicinity of the top of ttie mandrel container 
710 and ending with the region in the vicinity of the mandrel 705. The lower 



region beginning in tlie vicinity otthe man<irel*7'05 and eliding at the bottom 825 
of the tubular member 715. 

The wall thickness of the upper section 805 of the tubular member 71 5 
may be greater than the wall thicknesses of the intemiediate and tower sections 
810 and 815 of the tubular member 715 in order to optimally facillate the IniUation 
of the extmsion process and optimally permit the apparatus 700 to be positioned 
in tocadons in the wellbore having tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 71 5 may range, for example, from about 2.667 to 1 2 1 .92 cms 
(1 .05 to 48 Inches) and 0.31 75 to 5.08 cms (1/8 to 2 inches), lespect^ely. The 
outer diameter and waU thickness of the upper section 805 of the tubular 
member 715 may range from about 8.89 to 40.64 cms (3.5 to 16 Inches) and 0.375 
to 3.81 cms (3/8 to 1.5 inches), respectively. 

the outer diameter and wall thickness of the intermediate section 810 of 
the tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 
to 50 inches) and 0.15875 to 3.81 cms (1/16 to 1.5 Inches), respectively. The outer 
diameter and waB thickness of the intemiediate secUon 81 0 of the tubular 
member 715 may range from about 8.89 to 48.26 cms (3.5 to 1 9 inches) and 
0.31 75 to 3.1 75 cms (1/B to 1 ,25 Inches), respectively. 

The outer diameter and wall thickness of the lower section 81 5 of the 
tubular member 715 may range, for example, from about 6.35 to 127 cms (2.5 to 
50inches)and 0.15875 to 3.175cms(l/16to 1.25 inches), respecth^. The outer 
diameter and wall thickness of the lower section 810 of the tubular member 715 
may range from about 8.89 to 48.26 cms (3.5 to 19 Inches) and 0.31 75 to 3. 1 75 
cms (1/8 to 1.25 inches), respecth^ely. The waD thickness of the lower section 
815 of the tubular member 715 may be further Increased to Increase the strength 
of the shoe 720 when difllable materials such as, for example, aluminum are 
used. 

The tubular member 715 preferably comprises a soUd tubular member. 
The end portion 820 of the tubular member 715 may be slotted, perforated, or 
otherwise modified to catch or slow down the mandrel 705 when it completes 
the extrusion of tubular member 715. The length of the tubular member 715 may 
be limited to minimize the possibility of buckling. For typical tubular member 



715 materials, the length of thetabi/lar membter 715maV be preferably limited to 
between about 12.192 to 6,096 m (40 to 20,000 feet) in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. The shoe 720 may 
further include an inlet passage 830, and one or more jet ports 835. Preferably, 
the cross-sectional shape of the inlet passage 830 is adapted to receive a latch- 
down dart, or other similar elements, for blocking the inlet passage 830. The 
interior of the shoe 720 preferably includes a body of solid niaterial 840 for 
increasing the strength of the shoe 720. The t>ody of solid material 840 
preferably comprises aluminum. 

The shoe 720 may comprise any number of conventional coinmercially 
available shoes such as, for example. Super Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch down phig modified In accordance with the 
teachings of the present disclosure. The shoe 720 may comprise an aluminum 
down-jet guide shoe with a sealing sleeve for a latch-down plug available 6om 
Halliburton Energy Services in Dallas, IX, modified in accordance with the 
teachings of the present disclosure, in order to optimize guiding the tubular 
member 71 5 in the wellbore, optimize the seal between the tubular member 71 5 
and an existing wellbore casing, and to optimally fadliate Ihe removal of the 
shoe 720 by drilling It out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support 
member 745. The lower cup seal 725 prevents foreign materials from entering 
the interior region of the tubular member 715 above the expandable mandrel 
705. The lower cup seal 725 may comprise any number of conventional 
commercially available cup seak such as, for example, TP cups or Selective 
Injection Packer (SIP) cups modified in accordance with the teachings of the 
present disclosure* The lower cup seal 725 may comprise a SIP cup, available 
from Halliburton Energy Services In Dallas, TX in order to optimally provide a 
debris barrier and hold a body of lubricant 

The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 prevents foreign materials from entering 
the interior region of the tubular member 715, The upper cup seal 730 may 
comprise any number of conventional commercially available cup seals such as, 
for example, TP cups or Selective Injection Packer (SIP) cup modified In 



accordance with the teachings of the' present dlsclostire/The upper cup seal 730 
may comprise a SIP cup available from Halliburton Energy Services in Dallas, TX 
in order to optimally provide a debris barrier and contain a body of lubricant. 

The fluid passage 735 permits fluidic materials to be transported to and 
from the interior region of the tubular member 715 below the expandable 
mandrel 705. The fluid passage 735 is fluldicly coupled to the fluid passage 740. 
The fluid passage 735 is preferably coupled to and positioned within the support 
member 760, the support member 745, the mandrel container 710, and the 
expandable mandrel 705. The fluid passage 735 preferably extends from a 
position adjacent to the surface to the bottom of the expandable mandrel 705. 
The fluid passage 735 is preferably positioned along a centerline of the apparatus 
700. The fluid passage 735 is preferably selected to transport materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 
151.4164 to 1 1356.2355 litres/minute (40 to 3,000 gallons/minute) and 34.473 to 
620.52813 bar (500 to 9,000 psi) in oider to provide sufficient operating pressures 
to extrude the tubular member 71 5 off of the e}q>andable mandrel 705. 

As described above with reference to Figs. 1 -6, during placement of the 
apparatus 700 within a new section of a wellbore, fluidic materials forced up the 
fluid passage 735 can be released into the wellbore cibove the tubular member 
715. The apparatus 700 further includes a pressure release passage that is 
coupled to and positioned within the support member 260. The pressure release 
passage is further fluidicly coupled to the fluid passage 735. The pressure release 
passage preferably includes a control vah^ for controllably opening and closing 
the fluid passage. The control vahre may be pressure activated in order to 
controllably minimize suige pressures. The pressure release passage is 
preferably positioned substantially orthogonal to the centerline of the apparatus 
700. The pressure release passage is preferably selected to convey materials 
such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 1892.7059 litre§/minute (0 to 500 gallons/minute) and 0 to 68.94757 bar 
(0 to 1,000 psi) in order to reduce the drag on the apparatus 700 during insertion 
into a new section of a wellbore and to minimize surge pressures on the new 
wellbore section. 

The fluid passage 740 pemiits fluidic materials to be transported to and 
from the region exterior to the tubular member 715. The fltild passage 740 is 



preferably coupled to and posiUone'd within th6 shod 720 in fluidic 
communicaUon with the interior region of the tubular member 715 below the 
expandable mandrel 705. The fluid passage 740 preferably has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in the inlet 830 of 
the fluid passage 740 to thereby block further passage of fluidic fnaterials. In this 
manner, the interior region of the tubular member 715 below the expandable 
mandrel 705 can be optimally fluidicly isolated from the region exterior to the 
tubular member 71 5. This permits the interior region of the tubular member 715 
below the expandable mandrel 205 to be pressurized. 

The fluid passage 740 is preferably positioned substantially along tiie 
centeriine of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, driUing mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1356.2355 litres/minute (0 to 3.000 
gallons/minute) and 0 to 620.52813 bar (0 to 9.000 psi) in order to optimally fill an 
annular region between ttie tubular member 715 and a new section of a wellbore 
witti fluidic materials. The fluid passage 740 may Include an inlet passage 830 
having a geometry that can recede a dart and/or a baU seaUng member. In tills 
manner, ttie fluid passage 240 can be sealed off by introducir^ a plug, dart and/or 
ball sealing elements Into the fluid passage 230. 

The apparatus 700 may further include one or more seals 845 coupled to 
and supported by Oie end portion 820 of tfie tubular member 71 5. The seals 845 
are further positioned on an outer surf^ace of tiie end portion 820 of tfie tubular 
member 715. The seals 845 pemiit tiie overiapping joint between an end portion 
of preexisting casing and tiie end portion 820 of ttie tubular member 71 5 to be 
fluidicly Sealed. The seals 845 may comprise any number of convfentional 
commerdafly avaUable seals such as. for example. lead, mbber. Teflon™, or 
epoxy seals modified in accordance witii tfie teachings of tfie present disclosure. 
The seals 845 comprise seals molded from StrataLock epoxy available from 
Halliburton Energy Services in Dallas, TX in order to optimally provide a hydraulic 
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^ seal and a load bearing interference lit in the oveiiapping joint between the 

tubular member 715 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

The seals 845 may be selected to provide a sufficient frictional force to 
support the expanded hibular member 715 fixim the existing casing. The 
frictional force provided by the seals 845 preferably ranges from about 68.94757 
to 68,947.57 bar (1,000 to l.OOO.OOO IbO in order to optimally support the 
expanded tubular member 715. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 pi«feiably 
comprises an annular member having sufficient strength to cany the apparatus 
700 into a new section of a wellbore. The support member 745 may comprise 
any number of conventional commercially available support members such as. 
for example, steel drill pipe, colled tubing or other high streiigth tubular modified 
in accordance with the teachings of the present disclosure. The support member 
745 may comprise conventional driU pipe available from various steel mills in ttie 
United States. 

A body of lubricant 750 may be provided in the annular region above the 
expandable mandrel container 710 within ttie interior of the tubular member 715. 
In this manner, the extnision of the tubular member 715 off of the expandable 
mandrel 705 is facilitated. The lubricant 705 may comprise any number of 
conventional commercially available lubricants such as. for example, Lubriplate. 
chlorine based lubricants, oil based lubricants, or COmax 1500 Antisieze (3100). 
The lubricant 750 preferably comprises Climax 1500 Antisieze (3100) available 
from HalUburton Energy Services in Houstoii, TO in order to optimally provide 
lubrication to faciliate tiie extnision process.' 

The overshot connection 755 is coupled to flie support member 745 and 
tfie support member 760. The overehot connection 755 preferably pemiits the 
support member 745 to be removably coupled to the support member 760. The 
overshot connection 755 may comprise any number of conventional 
commercially available 
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overshot connections such as, for example, Inneistring Sealing Adapter, 
Inneistring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. The 

overshot connection 755 may comprise a Innerstiing Adapter wiUi an Upper 
Guide available from Halliburton Energy Services In Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surtace support structure (not illustrated). The support member 760 
preferably comprises an annular member having sufficient strength to cany the 
a(^>aratus 700 into a new section of a wellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tubir^ or ottier high strength tubulars 
modified In accordance witfi ttie teachings of the present disclosure. The 
support member 760 preferably comprises a conventional drill pipe available 
from steel mills in ttie United States. 

The stabilizer 765 is preferably coupled to ttie support member 760. The 
stabilizer 765 also preferably stabiUzes ttie components of ttie aqiparatus 700 
wittiin ttie tubular member 715. The stabilizer 765 preferably comprises a 
spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of ttie tubular member 7 1 5 in order to optimally minimize 
buckling of the tubular member 715. The stabilizer 765 may comprise any 
number of conventional commercially available stabilizers such as, for example, 
EZ Drill Star Guides, packer shoes or drag blocks modified in accordance with 
ttie teachings of the present disclosure. The stabilizer 765 preferably comprises a 
sealing adapter upper guide available from Halliburton Energy Services in Dallas, 
TX. 

The support members 745 and 760 may be thcMoughly cleaned pricur to 
assembly to the remaining portions of the apparatus 700. In this manner, the 
introduction of foreign material into ttie apparatus 700 is minimized. This 
minimizes ttie posslbill^ of foreign material clogging ttie various flow passages 
and vahres of the apparatus 700. 

Before or after positioning the apparatus 700 within a new section of a 
wellbore, a couple of wellbore volumes are circulated 



through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located vsdthin the wellbore that might clog up the various 
flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion 
process. 

The apparatus 700 may be operated substantially as described above with 
reference to Figs. 1-7 to forni a new section of casing within a wellbore. 

As illustrated In Fig, 8, in an alternative preferred embodiment, the method 
and apparatus described herein is used to repair an existing wellbore casing 805 
by fomiing a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the altemath^ preferred embodiment, any number of fluidic 
materials can be used to expand the tubular liner 81 0 Into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, 
epoxy, slag mix, or drilling mud. In the alternative preferred embodiment, 
sealing memt>ers 81 5 are preferably provided at both ends of the tubular member 
in order to optimally provide a fluidic seal. In an alternative preferred 
embodiment, the tubular liner 810 is formed v^thin a horizontally positioned 
pipeline section, such as those used to transport hydrocarbons or water, with the 
tubular liner 810 placed in an overlapping relationship with the adjacent pipeline 
section. In this manner, underground pipelines can l>e re[)aired without having 
to dig out and replace the damaged sections. 

In another alternative preferred embodiment, the method and apparatus 
described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer annular lining of cement is not provided 
between the tubular liner 810 and the wellbore. In the alternative preferred 
embodiment, any numl>er of fluidic materials can be used to expand the tubular 
liner 810 into intimate contact with the wellbore such as, for example, cement, 
epoxy, slag mix, or drilling mud. 

Referring now to Figs. 9, 9a, 9b and 9c, a prefen^ed embodiment of an 



apparatus 900 for forming a wellbore casing includes an expandible tubular 
member 902, a support member 904, an expandible mandrel or pig 906, and a 
slioe 908. In a prefened embodiment, the design and construction of the 
mandrel 906 and shoe 908 permits easy removal of those elements by drilling 
them out. In this manner, the assembly 900 can be eeisily removed fiom a 
wellbore using a conventional drilling apparatus and corresponding drilling 
methods. 

The e:q>andible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of 
the apparatus 900, the tubular member 902 is preferably extmded olf of the 
mandrel 906 by pressurizing an interior region 966 of the tubular member 902. 
The tubular member 902 preferably has a substantially annular cross-section. 

In a particular^ prefened embodiment, an expandable tubular member 
915 is coupled to the upper pcution 910 of the expandable tubular member 902. 
During operation of the apparatus 900, the tubular member 9 1 5 is preferably 
extruded off of the mandrel 906 by pressurizing the interior region 966 of the 
tubular member 902. The tubular member 91 5 preferably has a substantially 
annular cross-section. In a preferred embodiment, the wall thickness of the 
hibular member 91 5 is greater than the wall thickness of the tubular member 
902. 

The tubular member 9 1 5 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a prefened 
embodiment, the tubular member 915 is fabricated Injm oilfield tubulais in order 
to optimally provide approximately the same mechanical properties as the 
tubular member 902. In a pardcuiariy prefened embodiment, the tubular 
member 91 5 has a plastic yield point ranging from about 275.9028 to 9307.921 95 
bar (40,000 to 135,000 psi) In order to optimally provide approximately the same 
yield properties as the tubular member 902. The hibular member 915 may 
comprise a plurality of hibular members coupled end to end. 

In a prefened embodiment, the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 
and/or gaseous seal with an existing section of weQbore casing. 

25 



In a prefened embodiment, the combined I«6§tii>f tte iubiilar membere 
902 and 915 are limited to minimize the possibility of buckling.' For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 12.192 to 6.096 m (40 to 20.000 feet) In length. 

The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connecUon 968. The intennediate portion 912 of the 
tubular member 902 preferably is placed in inUmate sUding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 
conventional commercially available materials such as. for example, oilfield 
tubulars. low aUoy steels, titanium or stainless steels. In a preferred 
embodiment, the tubular member 902 is fabricated from oilfield tubulare in order 
to opUmally provide approximately the same mechanical properties as the 
tubular member 91 5. In a particularly prefeired embodiment, the tubular 
member 902 has a plastic yield point ranging from about 275.9028 to 9307 92195 
bar (40.000 to 135.000 psi) In order to opUmally provide approximately the same 
yield properties as the tubular member 915. 

The wall thickness of the upper, intemiedlate. and lower portions. 910. 912 and 
914 of the tubular member 902 may range, for example, from about 0.625 to 3.81 (1/16 to 
1 .5 inches). In a piefen^ embodiment, the wall thickness of the upper, intemiediate 
and lower portions. 910. 912 and 914of the tubular member 902 range from aboutO.3175 
to 3.175 cms (1/8 to 1.25 inches) In order to optimally provide waD thickness that are 
about the same as the tubular member 915. In a prefened embodiment, the waU 
thickness of the lower portion 914 is less than or equal to the wall thickness of the upper 
portion 91 0 in order to optimally provide a geometry that will lit into tight clearances 
downhole. 

The outer diameter of the upper, intemiediate. and lower portions. 9 10. 912 and 
914 of the tubular member 902 may range, for example, from about 2.667 to 121.92 cms 
(1.05 to 48 inches). In a prefemnl embodiment, the outer diameter of the upper 
.ntemiediate. and lower portions. 910. 912 and 914 of the tubular member 902 range 
from about 8.89 to 48.26 cms (3 V4 to 19 inches) in order to optimally provide the ability 
to expand the most commonly used oilfield tubulars. 
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( The length of the tubular member 902 is preffef 4bly limited to between about 

0.6096 to 1.524 m (2 to 5 feet) in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 corrunerdally available tubular members modified in accordance vrath 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises Oilfield Countzy Tubular Goods available from various U.S. steel mills. 
The tubular member 915 may comprise any number of conventional commercially 
available tubular members modified in accordance with the teachings of the 
10 present disclosure. Inapreferredembodiment, the tubular member915 comprises 
Oilfield Ck)imtry Tubular Goods available from various U-S. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process such as, for example, threaded cozmections, 
welding or machined from one piece. In a preferred embodiment, the various 
15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 916 may be coupled using any 
number of convmtional process such as, for example, threaded connections, 
welding or machined firom one piece. In a preferred embodiment, the various 
20 elements of the tubular member 915 are coupled using welding. The tubidar 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 916 may be coupled using any niunber of 
conventional process such as, for example, threaded connections, welding or 
machined finom one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 

a fluid passage 918, an upper guide 920, and a coupling 922. During operation of 
the apparatus 900, the support member 904 preferably supports the apparatus 900 
dwring movement of the apparatus 900 withua a wellbore. The support member 
904 preferably has a substantially annular cross*section. 
0 The support member 904 may be fabricated firom any number of 

conventional commercially available materials such as, for example, oilfield 
_ tubulars, low alloy steel, coiled tubing or stainless steel. In a preferred 
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^ embodiment, the support member 904 is fobrfckt^ from'low'klloy'rte'el in order 
to optimally provide high yield strength*. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support fh)m a surface loation. The innerstri^^ 
5 916 may be coupled to a conventional driU string support 971 by a threaded 
connection 970. 

Theflmdpas8age918ispreferably used to conveyfluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is nuidicly coupled to the fluid passage 962. In a preferred embodiment, the fluid 
10 I^sage918isusedtoconveyhardenablefluidicsealingmaterialstoandfromthe 
apparatus 900. In a particularly preferred embodiment, the fluid passage 918 m^ 
include one or more pressure relief passages (not illustrated) to release fluid 
pressure duringpositioningofthe apparatus 900 withinawellbore. Inapreferred 
embodunent. the fluid passage 918 is positioned along a longitudinal centerline of 
15 the apparatus 900. m a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of haidenable fluidic materials at operating pressures 
ranging from about 0 to 620.52813 bar (0 to 9,000 psi). 

The upper guide 920 is coupled to an upper portion of the support member 
904. The"PPerguide920preferablyisadaptedl«centerthesupportmember904 
20 w:thinthetubularmember915. Theupper guide 920 may comprise any number 
of conventional guide members modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 

mnerstringadapteravailablefromHalliburtonEnergy Services inDallas.TXorder 
to optimally guide the apparatus 900 within the tubular member 916. 

25 Thecoupling922couplesthesupportmember904tothemandrel906 The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904may be coupledusingany 
number of conventional processes such as. for example, welding, threaded 

~onsormachinedfromonepiece.Inapreferredembodiment. the various 
30 ^e«^entsoftixes„pportmember904arecoupledusingthreadedconnections. 

The mandrel 906 preferably inchides a retainer 924, a rubber cup 926. an 

expansioncone928,alowerconeretainer930.abody of cement 932,alower guide 

as- 



^ 934, an extension sleeve 936, a spacer 938, a hdtkiiik 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mmidrel 946, a lubricator sleeve 948, a guide 
— 950, and a fluid passage 962. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cros8>section. ITie retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 

946, and the lubricator sleeve 948. The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below the 
robber cup 926. The rubber cup 926 may comprise aaj number of convraitional 
commercially available rubber cups such as, for example, TP cups or Selective 
15 Iiviection Packer (SEP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SIP cup available from Halliburton Energy Sovices in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubuJarmember 902 in order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate™, chlorine based lubricants, oil based lubricants or Climax 1 500 Antiseize 
(3100). In aprefored embodiment, the lubricant comprises Climax 1600 Antiseize 
25 (3100) available from Climax Lvibricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fiadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the bo4y 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the Txpper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 916 are extruded oflf of the outer 
surfiace of the expansion cone 928. In a preferred embodiment, axial movement 
_ of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 



( and the upper cone retalner944. Inner ladfaa'ihwement of the expansion cone 928 Is 

prevented by the body of cement 932. the housing 940, and the upper cone retainer 944. 

The expansion cone 928 preferably has a substantially annular cross section. The 
outside diameter of the expansion cone 928 is preferably tapered to provide a cone 
shape. The wall thickness of the expansion cone 928 may range, for example, from 
about 0.3175 to 7.62 cms (0.125 to 3 inches). In a prefeired embodiment, the waU 
thickness of the e]q)ansion cone 928 ranges from about 0.635 to 1.905 cms C0.25 to 0.75 
Inches) In order to optimally provide adequate compresshre strength with minimal 
material. The maximum and minimum outside diameters of the expansion cone 928 
mayrange.forexample.ftomabout2.54toll938cms(l to47inches). Inaprefen^l 
embodiment, the maximum and minimum outside diameteis of the expansion cone 928 
range from about 8.89 to 48.26 cms (3.5 to 19 inches) in order to optimally provide 
expansion of generally available oilfield tubulars. 

The expansion cone 928 may be fabricated from any number of 
conventional commercially available materials such as. for example, ceramic, 
tool steel, titanium or low alloy steel. In a preferred embodiment, the expansion 
cone 928 is fabricated from tool steel in order to optimally provide high strengUi 
and abrasion resistance. The surf^ace hardness of the outer surface of ttie 
expansion cone 928 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a prefeired embodiment, tfie surface hartlness of tiie outer 
surface of tiie expansion cone 928 ranges from about 58 Rockwell C to 62 
RockwellCinordertooptimallyprovidehlghyieldstrengtfi. Inapreferred 
en*odlment. the expanston cone 928 is heat treated to optimally provide a hard 
outer surface and a resilient Interior body in order to optimally provide abrasion 
resistance and fiacture toughness. 

The lower cone retainer 930 Is coupled to tfie expansion cone 928 and tfie 
housing 940. In a prefeired embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, tiie tower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
tool steel, titanium or low alloy steel In a preferred embodiment, ttie lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
strength 
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( and abrasion resistance. TTie surface hardness of the outer surface of the lower 
cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 
5 in order to optimally provide high yield strength. In a preferred embodimenUhe 
lower cone retainer 930 is heat treated to optimally provMe a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower cone retainer 930 and the expansion 
1 0 cone 928 are fomried as an integral one-piece element in order reduce the number 
of components and Increase the overall strength of the apparatus. The outer 
surface of the lower cone retainer 930 preferably mates with the inner surfaces of 
the tubular members 902 and 915. 

The body of cement 932is positioned within the Interior of the mandrel 906. 
15 The body of cement 932 provides an inner bearing stmclure for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device, m this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
20 commercially available cement compounds. Alternatively, aluminum, cast iron or 

some otherdriHablemetallfc, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 Is coupled to the extension sleeve 936 and housing 940. 
25 During operation of tiie apparatus 900. the lower guide 934 preferably helps guide 
the movement of the mandrel 906 within the tubular member 902. The tower guide 
934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated fiom any number of conventional 
commercially available materials such as. for example, oilfield tubular, low alloy 
30 steel or stainless steel. In a prefen^d embodiment, the lower guide 934 is 
fabricated from low altoy steel in order to optimaUy provide high yield strength. The 



( outer surface of the lower guide 934 preferably mates with the inner surface of the 
tubular member 902 to provide a sliding fit. 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 

5 helpsguidethemovementofthemandrel906withinthetubularmember902. The 
extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars. low alloy steel or stainless steel. In a preferred embodiment, the 
1 0 extension sleeve 936 is fabricated from low alloy steel In order to optimally provide 
high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the inner surface of the tubular member 902 to provide a sliding fit. In a 
prefen-ed embodiment, the extension sleeve 936 and the lower guide 934 are 
fomied as an integral one-piece element in order to minimize the number of 
1 5 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 

preferably includes the fluid passage 952andisadaptedtomate with the extension 
tube 960 of the shoe 908. In this manner, aplug or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cioss-section. 

The spacer 938 may be fabricated from any number of conventional 

commerciallyavailablematerialssuchas,forexample.steel.aluminumorcastiroa 
m a prefened embodiment, the spacer 938 is fabricated from aluminum in order 

tooptimaJlyprovidedrillability.n,eendofthespacer938prefembly mates with tiie 
25 endofUieextensiontube960. In a preferred embodiment. Uie spacer 938 and the 

sealing sleeve 942 are formed as an integral one-piece element in order to reduce 

the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934. extension sleeve 936 

expansion cone 928. body of cement 932. and lower cone retainer 930. During 
30 operation of the apparatus 900. ttie housing 940 preferably prevents inner radial 

motion of Uie expansion cone 928. Preferably, tiie housing 940 has a substantially 

annular cross-section. 
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( The housing 940 may be fabricated from any number of conventional 

commercially available materials such as. for example, oilfield tubulars. low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a preferred 
5 embodiment, the lower guide 934, extension sleeve 936 and housing 940 are 
fonned as an inlegial one-piece element in order to minimize the number of 
components and increase the strength of the apparatus. 

In a paiticulariy preferred embodiment, the interior surface of the housing 
940 includes one or more protnisions to facillate the connection between the 
1 0 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904. the body of 
cement 932. the spacer 938, and the upper cone retainer 944. During operation of 
the apparatus, the sealing sleeve 942 preferably provides support for the mandrel 
906. The sealing sleeve 942 is preferably coupled to the support member 904 using 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 

commerciallyavailablematerialssuch as. forexample. steel, aluminumorcastlion. 
In a preferred embodiment, the sealing sleeve 942 is fabricated from aluminum in 
20 order to optimally provide drillabllity of the sealing sleeve 942. 

In a particulariy preferred embodiment, the outer surface of the seaUng 

sleeve 942includesoneormore protrusions tofaciliatetheconnection between the 
sealing sleeve 942 and the body of cement 932. 

Inapaiticularlypreferred embodiment. thespacer938and the sealingsleeve 
25 942 are integrally fomied as a one-piece element in order to minimize tfie number 

of components. 

The upper cone retainer 944 is coupled to the expansion cone 928 the 
sealing sleeve 942. and the body of cement 932. During operation of the apparatus 
900, tiie upper cone retainer 944 preferably prevents axial motion of Uie expansion 
30 cone928. Preferably, the uppercone retainer 944 has a substantially annular cross- 



section. 
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The upper cone retainer 944 may be fabricated from any number of 

conventional commercially available materials sucti as, for example, steel, 
ciluminum or cast iron. In a prefenred embodiment, the upper cone retainer 944 is 
fabricated from aluminum in order to optimally provide drillability of the upper cone 
5 retainer 944. 

In a particulau^ly prefenred embodiment, the upper cone retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularty 
prefenred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and minimize the amount 

10 of material that would have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the nibber cup 926, 
the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. During 
operation of the apparatus 900, the lubricator mandrel 946 preferably contains the 
body of lubricant in the annular region 972 for lubricating the interface between the 

1 5 mandrel 906 and the tubular member 902. Preferably, the lubricator mandrel 946 
has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 

20 fabricated from aluminum in order to optimally provide drillability of the lubricator 
mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the mbber cup 926, the upper cone retainer 944, the lubricator sleeve 
948, and the guide 950. During operation of the apparatus 900, the lubricator sleeve 

25 948 preferably supports the mbber cup 926. Preferably, the lubricator sleeve 948 
has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodjment, the lubricator sleeve 948 is 

30 fabricated from aluminum in order to optimally provide drillability of the lubricator 
sleeve 948. 
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As illustrated in Fig. 9c, \he lubricator sleeve 948 is supported by the lubricator 
mandrel 946. The lubricator sleeve 948 in turn supports the rubber cup 926. The 
retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In a 
preferred embodiment, seals 949a and 949b are provided between the lubricator 
mandrel 946, lubricator sleeve 948, and mbber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
guide 950 has a substantially annular cross-section. 

The guide 950 may be fabricated from any number of conventional commercially 
available materials such as, for example, steel, aluminum or cast iron. In a preferred 
embodiment, the guide 950 is fabricated h-om aluminum order to optimaOy provide 
driUability of the guide 950. 

The fluid passage 952 is coupled to the mandrel 906. During operaUon of Oie 
eipparatus, the fluid passage 952 preferably conveys hardenable fluidic materials. In a 
preferred embodiment, the fluid passage 952 is positioned about the centerline of the 
apparatus 900. In a paiticulariy prefened embodiment, the fluid passage 952 Is adapted 
to convey hardenable fluidic maiterials at pressures and flow rate ranging from about 0 to 
620.52813 bar (0 to 9,000 psl) and 0 to 1 1356.2355 litres/minute (0 to 3,000 gaUons/min) in 
order to optimally provide pressures and flow rates to displace and circulate fluids 
during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number of 
conventional process such as, for example, threaded connections, welded connections 
or cementing. In a preferred embodiment, the various elements of the mandrel 906 are 
coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
ouUetjets 964. 

The housing 954 is coupled to the body of cement 956 and the lower 
portion 91 4 of the tubular member 902. During operation of the apparatus 900, 
the housing 954 preferably couples the lower portion of the tubular member 902 
to the shoe 908 
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( to facilitate the extnision and positioning of the tubular member 902. Preferably, 
the housing 954 has a substanUally annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 prefened embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillability of the housing 954. 

In a particularly prefen-ed embodiment, the interior surface of the housing 
954 includes one or more protrusions to faciliate the connection between the body 
of cement 956 and the housing 954. 

10 'rhebodyofcement956iscoupledtothehousing954.andthesealingsleeve 
958. In a prefened embodiment, the composition of the body of cement 956 is 
selected to pennit the body of cement to be easily drilled out using conventional 
drilling machines and processes. 

The composition of the body of cement 956 may include any number of 

15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing sleeve 958 Is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962. and one or more outlet jets 964. During operation 
20 of the apparatus 900. the seaUng sleeve 958 preferably is adapted to convey a 

hardenablefluidicmaterialfromttiefluidpassage952lntothefluldpassage962and 
then into the outlet jets 964 in order to inject the hardenable fluldic material into an 
annular region external to the tubular member 902. In a preferred embodiment, 
during operation of the apparatus 900. ttie sealing sleeve 958 further includes an 

25 in'etgeometrythatpemnitsaconventionalplugordart974tobecomelodgedintiie 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 may be 

blocked tfierebyfluididy isolating theinteriorreglon966ofthetubularmember902. 

Inaprefen-ed embodiment, the sealing sleeve 958hasasubstantiallyannular 
cross-section. The sealing sleeve 958 may be fabricated from any number of 
30 conventional commercially available materials such as. for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 Is 



fabricated from aluminum in order to optimally provide drillabilily of the sealing 
' sleeve 958. 

- The extension tube 960 is coupled to the sealing sleeve 958. the fluid 

passage 962, and one or more outlet jets 964. During operation of the apparatus 
5 900. the extension tube 960 preferably is adapted to convey a hardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic material into an annular 
region ertemal to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 
10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 

therebyfluidiclyisolatingtheinteriorregion966ofthetubularmember902. In 
a prefemed embodiment, one end of the extension tube 960 mates with one end of 
the spacer 938 in order to optimally fadliate the tranrfer of material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annularcross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is' 
20 febricated from ahuninum in order to optimally provide driUability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 968, the extension 
tube 960, and one or more outlet jets 964. Duringoperationofthe apparatus 900, 
the fluid passage 962 is preferab?y conv^ hardenable fluidic materials. In a 
25 P^ferred embodiment, thefluidpa8sage962i8po8itionedaboutthecenterlineof 
theapparatus900. In a particularly preferred embodiment, the fluid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 

ra^fiom about 0 to 620.52813 bar (0 to 9,000psi) and 0 to 1 1356.2355 (0 to 3 0^^ 
gaUoni^min) in order to optimaUy provide fluids at operationally efficient rates. 

30 The outlet jets 964 are coupled to the sealing sleeve 958. the extension tube 

960, and the fluid passage 962. During operation of the apparatus 900, the ouUet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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^ to the region e^cterior of the apparatiis 9b0. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to simplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Pigs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. In a 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped fit>m a surface location into the fluid passage 918. The 
hardenable fluidic sealing material then passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes fi^m the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 
wellbore. Continued pumping ofthe hardenable fluidic sealing material causes the 
material to fill up at least a portion ofthe onmii^ r region. 

The hardenable flxudic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates xangins. for example, torn about 0 to 344.73785 bar (0 to 5,000 
psi) and 0 to 5678.1177 Htres/nnnute (0 to 1.500 gallonstoin), respectively. In a preferred embodiment, 
the hardenable fluidic sealing material is punned into the annular region at pressures 
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and now rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulaUon might be lost and 
that could cause the wellbore to collapse. The opUmum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well section being lined available fiom Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 
operational difficulties during ttie displacement of tiie cement in the annular region. 
The optimum composition of the blended cements is preferably determined using 
15 conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure tiiat, upon radial expansion of the tubular 
member 902, the annular region of the new section of the wellbore will be filled 
with hardenable material. 
20 Once the annular region has been adequately filled witii hardenable fluidic 

sealing material, a plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 tiiereby fluidicly isolating the interior region 966 of the 
tubular member 902 from ttie external annular region. In a preferred embodiment, 
a non hardenable fluidic material is tfien pumped into the interior region 966 
25 causing Uie interior region 966 to pressurize. In a particularly preferred 
embodiment, the plug or dart 974, or other similar device, preferably is introduced 
into the fluid passage 962 by introducing ttie plug or dart 974, or otiier similar device 
into the non hardenable fluidic material. In this manner, the amount of cured 
material within the interior of the tubular members 902 and 915 Is minimized. 
30 Once the interior region 966 becomes suflicientiy pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expendible. Ehirmg the extrusion process, the mandrel 906 
^ is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904. During this extrusion process, the shoe 908 is preferably 
substantially stationaiy. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise any number of 
convMitional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSG) latch-down plug. Omega latch^Jown 
10 plug or three-wiper latch down plug modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the plug or dart 974 comprises 
a MSG latch-down phig available from Hallibiui»n Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging torn approximately 34.473 to 620.52813 bar (500 to 
9,000 psi) and 15 1 .41 64 to 1 1356.2355 Ktres/minute (40 to 3,000 gallons/min) in order to 
optimally extrude the tubular members 902 and 91 5 off of the mandrel 906. 

For typical tubular members 902 and 915. the cxtmsion of the tubular members 902 and 915 off 
of tfae expandable mandrel will begin when the pressure of the interior region 966 reaches approximately 
^ 34.473 to fi20J2813 bar (500 to 9.000 psi> In a piefened embodiment, the extrusion of tfae tubular 
membeis 902 and 915 off of the mandrel 906 begins when tfae pressure of the interior region 966 reaches . 
•PprwimalBly 82.7352 to 586.041 bar (1.200 to 8.500 psO with a flow rate of about 151.4164 to 
4731.7648 litresAninute (40 to 1250 galloos/^nimite). 

During the extnision process, the mandrel 906 may be raised out of the expanded 
portions of the tubular members 902 and 915 at rates ranging, for example, from about 0 
25 to 1.524 m/s(0 to 5 ft/sec). In a preferred embodiment, during the extrusion process, tbe 
mandrel 906 is raised out of the expanded portions of the tubular members 902 and 915 
at rates ranging from about 0 to 0.6096 m/s (0 to 2 ft/sec) m order to optimally provide 
pulling speed fast enough to pemiit efficient operation and permit fiill expansion of the 
tubular members 902 and 915 prior to curing of the haidenable fluidic seahng material; 
but not so fast that timely adjustmrait of operating parameters during operation is 
30 prevented. 



When the upper end portion of the tubular member 915 Is extruded off of the 
mandrel 906. the outer surface of the upper end portion of the tubular member 91 5 win 
preferably contact the interior surface of the lower end portion of the existing casing to 
. . fomi an fluid tight overlapping joint The contact pressure of the overiapping joint may 
range, for example, from approximately 3.447379 to 1 .278.9514 bar (50 to 20.000 psl). In 
apieferred embodiment, the contact pressure of the overiapping joint between the 
upper end of the tubular member 915 and the existing section of wellbore casing ranges 
ftom approximately 27.579028 to 689.4757 bar (400 to 1 0.000 psl) In order to optimally 
provide contact pressure to actuate the sealing members and provide optimal resistance 
such that the hibular member 915 and existing wellbore casing will cany typical tensile 
and compresshre loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable fluidic material will be controllably lamped down when the 
mandrel 906 reaches the upper end portion of the tubular member 915. In this 
manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 915 off of the expandable mandrel 906 can be minimized. In a 
prefeired embodiment, the operating pressure is reduced in a substantially linear 
. fashion ftom 100% to about 10% during the end of the extrusion process 

beginning when the mandrel 906 has completed approximately all but about the 
last 1.524m (5 feet) of the extmsion piocess. 

In an alternative prefen-ed embodiment, the operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or the non hardenable 
fluidic material are controUed during all phases of the operation of tiie apparahis 
900 to minimize shock. 

Alternatively, or in combination, a shock absorf)er is provided in tfie 
support member 904 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching stnicture is provided 
above the support member 904 in order to catch or at least decelerate tfie 
mandrel 906. 

Once tfie extrusion process is completed, tfie mandrel 906 is removed 
from tfie wellbore. in a preferred embodiment, eittier before or after ttie removal 

nf tha 



( mandrel 906. the integrity of the fluidic seal of the overlapping joint between the 
upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using conventional methods. If the fluidlc seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
5 of the existing casing is satisfactoiy, then the uncured portion of any of the 
hardenable fluidlc sealing material within the expanded tubular member 9 1 5 is then 
removed in a conventional manner. The hardenable fluidic sealing material within 
the annular region between the expanded tubular member 915 and the existing 
casing and new section of wellbore is then allowed to cure. 
1 0 Preferably any remaining cured hardenable fluidic sealing material within the 

interior of the expanded tubular members 902 and 915 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 

of casing preferably includes the expanded tubular members 902 and 915 and an 
outer annularlayer of cured hardenable fluidic sealing material. The bottom portion 
15 of the apparatus 900 comprising the shoe 908 may then be removed by drilling out 
the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior of the wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill out 
20 the interior sections of the apparatus 900 in order to faciUtate the removal of the 
remaining sections. In a prefened embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, tiiat permit a conventional drill string to be employed to drill out the 
interior components. 

25 In particular, in a prefen^ed embodiment, the composition of the interior 

sections of tfie mandrel 906 and shoe 908, including one or more of the body of 
cement 932. the spacer 938, the sealing sleeve 942, the upper cone retainer 944, the 
lubricator mandrel 946, the lubricator sleeve 948, the guide 950. the housing954, the 
body of cement 956, the seaUng sleeve 958, and the extension tube 960, are 

30 selected to permit at least some of these components to be drilled out using 
conventional drilling methods and apparatus. In this manner, in the event of a 



( malfunction downhole. the apparatus 900 may be easily removed from the 

wellbore. 

Refemng now to Figs. 10a, lOb. 10c, lOd. lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described. As 
5 illustrated in Fig. 1 Oa, a wellbore 1000 positioned in a subterranean formation 1002 
includes a first casing 1004 and a second casing 1006. 

The first casing 1004 preferably includes a tubular liner 1008 and a cement 
annulus 1010. The second casing lOOCpreferablylncludesatubuIarliner 1012 and 
a cement annulus 1014. In a prefened embodiment, the second casing 1006 is 
10 formed by expanding a tubular member substanUally as described above with 
reference to Figs. l-9c or below with reference to Figs. ] la-1 If. 

m a particulariy prefen-ed embodiment, an upper portion of the tubular liner 
1012 overiaps with a lower portion of the tubular liner 1008. In a particulariy 
prefeired embodiment, an outer surface of the upper portion of the tubular liner 
15 1012 includes one or more sealing members 1016 for providing a fhjldic seal 
between the tubular liners 1008 and 1012. 

Refening to Fig. 1 Ob, In order to create a tie-back liner that extends from the 
overtap between the first and second casings, 1004 and 1006, an apparatus 1 100 is 
preferably provided that includes an expandable mandrel or pig 1 105. a tubular 

20 memberll!0,ashoelll5,oneormorecupsealsll20.afluidpassagell30.af]uid 
passage 1 135. one or more fluid passages 1 140. seals 1 145, and a support member 
1150. 

The expandable mandrel or pig 1 105 is coupled to and supported by the 
support member 1 150. The expandable mandrel 1 105 is preferably adapted to 

25 controUably expand in a radial direction. H^e expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teachings of the present disclosure. In 
a prefened embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed In U.S. Pat No. 5,348,095. the disclosure 

30 of which is incoiporated herein by reference, modified in accordance with the 
teachings of the present disclosure. 



The tubular member 1 110 Is (iu|>Wd to iAd:s»lpp<it4d.bJ the expandable 
mandrel 1 105. The tubular member 1 105 is expanded in the radial direction and . 
extmded off of the expandable mandrel 1 105. The tubular member 1 110 may be 
febricated from any number of materials such as. for example. Oilfield Country Tubular 
Goods. 13 chromium tubing or plastic piping. In a prefenred embodiment, the tubular 
member 1 1 10 is fabricated from Oilfield Country Tubular Goods. 

The inner and outer diameters of the tubular member 1110 may range, for 
example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 inches) and 2.667 to 121.92 
cms (1.05 to 48 inches), respecthrely. In a preferred embodiment, the inner and outer 
diameiere of the tubular member 1 1 10 range from about 7.62 to 39.37 cms (3 to 15.5 
inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively in order to optimally 
provide coverage for typical oiliield casing sizes. The tubular member 1 1 10 preferably 
comprises a solid member. 

In a preferred embodiment, the upper end portion of the tubular member 1 110 is 
slotted, perforated, or otherwise modified to catch or slow down the mandiel 1 105 when 
it completes the extrusion of tubular member 1 1 10. In a preferred embodiment, the 
length of the tubular member 1 1 10 is Bmited to minimize the possibility of buckling. For 
typical tubular member 1110 materials, the length of the tubular member 1 1 10 is 
preferably limited to between about 12.192 to 6.096m (40 to 20.000 feet) In length. 

The shoe 1 1 15 Is coupled4o the expandable mandrel 1 105 and the tubular 
member 1 1 10. The shoe 1 115 includes the fluid passage 1 135. The shoe 1 1 15 may 
comprise any number of conventional commercially available shoes such as, for 
example. Super Seal II float shoe. Super Seal II Down-Jet float shoe or a guide shoe with 
a sealing sleeve fora latch down plug modified in accordance with the teachings of the 
present disclosure. In a prefened embodiment, the shoe 1 1 15 comprises an aluminum 
down-let guide shoe with a sealing sleeve for a latch-down plug with side ports radiating 
off of the exit flow port available from HalHburton Energy Sen/ices in Dallas, TO. modified 
in accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 1 100 to the overiap between the tubular member 1100 and the 
casing 1012. optimally fluldidy isolate the Interior of the tubular member llOOaiterthe 
latch down plug has seated, and optimally permit drilling out of the shoe 1 1 IS after 
completion of the expansion and cementing operations. 

In a prefened embodiment, the shoe 1115 includes one or more side 
ouUet ports 1 140 in fluidic commimlcation with the fluid passage 1 135. In this 
manner, 



shoe 1116 and tubular member 1110. In a preferred embodiment, the shoe 1115 

mdudesoneormoreofthefluidpassageslWOeadihavinganinletgeometiythat 

can receiveadartand/oraballsealingmember. In thismanner,the fluid passages 
5 1140 can be sealed off by introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120iscoupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
thetubularmemberlll0a4iacenttotheexpandablemandrel 1105. Thecupseal 
10 1120 may comprise any number of conventional commercial^ available cup seals 
such as, for example. TP cups or Selective Injection Packer (SIP) cups modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energj. Services in Dallas, TXin order to optimally provide a barrier to debris and 
16 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1106. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1106. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 1 1 356.2355 litresAninute (0 to 3,000 gal Wminutc) 

25 ^0to620.52813bar(0to9,000psi)inordertooptimaUyprovidesufficientoperating 
pressures to circulate fluids at operational efficient rates. 

The fluidpassagelisepennitsfluidicmaterialstobetransmittedfrom fluid 
pas8agell30 to the interior of the tubular member lllObelow the mandrel 1105. 
The fluid passages 1140 permits fluidic materials to be transported to and 
30 from the region erterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1116 in fluidic 
^communication with the interior region of the tubular member 1110 below the 



^ expandable mandrel HQS. The fluid 'paLiges 'llW prefirabjy have a cross- 

sectional shape that permitsaplug, or otfier similar device, to beplaced in the fl 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 

member 1106. This permits the interior region ofthe tubular member 11 10 below 

the expandable mandrel 1105 to be pressurized. 

The fluid passages 1140 are preferablypositionedalongtheperipheiyofthe 
shoe 1115. The fluid passages 1140 are preferably selected to conv^ materials 

10 suchascement.drillingmudorepoxiesatflowrate8andpressure8rangingfrom 
about 0 to 1 1356.2355 Utres/minute (0 to 3.000 gallons/minute) and 0 to 62.52813 bar (0 
to 9.000 psi) in order to optimally fill the annular region between the tubular member 
11 10 and the tubular liner 1 008 with fluidic materials. In a preferred embodiment, the 
fluid passages 1 140 include an inlet geometry that can receive a dart and/or a ball sealing 
member. In this manner, the fluid passages 1 140 can be sealed ofif by introducing a plug, 
dartand/orballsealingelementsintothefluid passage 1130. In a preferred embodiment, 
the apparatus 1 100 includes a pluraUty of fluid passage 1 140. 

In an alternative embodiment, the base ofthe shoe 1116 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or otlier similar device, to permit the interior region ofthe tubular member 1110 
to be fluidicly isolated from the exterior ofthe tubular member 1110. 

. seals 1145arecoupled to andsupportedbyalowerend portion ofthe 
tubular member llio. The seals 1145 are fiirther positioned on an outer sur&ce 
ofthe lower end portion ofthe tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion ofthe casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1146 may comprise any number of conventional commercially 
available seals such as. for example, lead, mbber. Teflon™ or epoxy seals modified 
in accordance with the teachings of tie present disclosure. In a preferred 

30 einbodiment.thesealsll46oomprisesealsmoldedfromStratalockepoxyavailable 
from Hallibmton Energy Services in Dallas, TX in order to optimally provide a 



^ h3^draiilic seal in the overlappingjoint aAff optimally provide Toad cariyingcapacity 
to withstand the range of typical tensile and compressive loads. 
^ In a preferred embodiment, the seals 1 145 are selected to optimally provide 

a sufficient frictional force to support the expanded tubular member 1 1 10 from the 
5 tubiilar liner 1008. In a preferredembodiment, the ftictional force provided by the 
seals 1 14S ranges from about 68.94757 to 68, 947.57 bar (1,000 to 1,000, 000 Ibf) in tension and 
con^ssion in order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the e35)andable mandrel 1105, 
tubular member 1110, shoe 1116, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to cany the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centralizers (not 
illustrated) to help stabilize the tubular member 1110. 

In a preferred embodiment, a quantify of lubricant 1160 is provided in the 
15 annular region above the e39andable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any niunber of conventional commercially available lubricants such as, 
for example Lubriplate™, chlorine based lubricants or Clmax 1500 Antisicze (3 lOO). 
20 In a preferred embodiment, the lubricant 1160 comprises Climax 1500 Antiseize 
(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In apreferred embodiment, the support member 1150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 
25 manner, the introduction of foreign material into the apparatus 11 00 is minimized. 
This minimizes the possibility of foreign material clogging the various flow 
passages and valves of the apparatus 1100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 
the region of the wellbore 1000 below the aiq>aratus 1100, In this manner, fluidic 
^ materials are prevented from entering the region of the wellbore 1000 below the 



apparatus 1 1 00. The packer 1 155 may comprise any number of conventional 
commercially available packers such as, for example, EZ DriU Packer, EZ SV 
Packer or a diillable cement retainer. In a prefen^ed embodiment, the packer 
1 155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
Dallas, TX. In an altemative embodiment, a high gel strength pill may be set 
below the tie-back in place of the packer 1 1 55. In another altemative 
embodiment, the packer 1 155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1 100 
within the wellbore 1 100, a couple of wellbore volumes are circulated in oider to 
ensure that no foreign materials are located within the wellbore 1000 that might 
clog up the various flow passages and valves of the apparatus 1 1 00 and to ensure 
that no foreign material interferes with the operaUon of the expansion mandrel 
1105. 

As Ulustrated in Fig. 10c, a hardenable fluidic sealing material 1 160 is then 
pumped from a surface locaUon Into the fluid passage 1 130. The material 1 160 
then passes from the fluid passage 1 1 30 into the interior region of the tubular 
member. 1110 below the expandable mandrel 1 105. The material 1 160 then 
passes from the interior region of the tubular member 1 1 10 into the fluid 
passages 1 140. The material 1 160 then exits the apparatus 1 100 and fills the 
annular region between the exterior of the tubular member 1 1 10 and the interior 
wall of the tubular liner 1008. Continued pumping of the material 1 1 60 causes 
the material 1 1 60 to fill up at least a portton of the annular regfon. 

The material 1 160 may be pumped into the annular region at pressures 
and flow rates ranging, for example, from about 0 to 344.73785 bar (0 to 5,000 psi) 
and 0 to 5678.1 1 77 Utres/minute (0 to 1,500 gaUons/min), respecth^ely. In a 
preferred embodiment, the material 1 160 is pumped into the annular region at 
pressures and flow rates specifically designed for the casing sizes being mn, the 
annular spaces being filled, the pumping equipment available, and the properties 
of the fluid being pumped. The optimum flow rates and pressures are preferably 
calculated using conventional empirical methods. 



The hardenable fluidic sealing material 1 160 may comprise any number of 
convenUonal commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 11 60 comprises blended cements specifically 
5 designed for weU secUon being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while maintaining optimum flow characteristics so as to minimize 
operational difficulties during tfie displacement of cement in the annular region. 
The optimum blend of tiie blended cements are preferably determined using 
10 conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure Uiat, upon radial expansion of tiie tubular member 1 1 10, tiie 
annular region will be filled with material 1 160. 

As illustrated in Fig. l Od, once the annular region has been adequately filled 
15 vvithmaterial lieo.oneormoreplugs 1165,orottiersimilardevices,preferablyare 
inb-oduced into the fluid passages 1 1 40 tiiereby fluidicly isolating Uie interior region 
of tiie tubular member 1 1 10 from ttie annularregion external to tiie tubular member 
1 1 10. In a preferred embodiment, a non hardenable fluidic material 1 161 is ttien 
pumped into the interior region of the tubular member 1 1 10 below ttie mandrel 
20 1105 causing ttie interior region to pressurize. In a particularly preferred 
embodiment, tiie one or more plugs 1 1 65, or ottier similar devices, are introduced 
into ttie fluid passage 1 140 witti the introduction of the non hardenable fluidic 
material. In this manner, ttie amount of hardenable fluidic material wittun the 
interior of ttie tubular member 1 1 10 is minimized. 
25 As illustrated In Fig. lOe, once the interior region becomes sufficiently 

pressurized, ttie tubular member 1 1 10 is extruded off of the expandable mandrel 
1 105. During ttie extmsion process, tiie expandable mandrel 1 105 is raised out of 
ttie expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into ttie fluid passages 1140 by 
30 introducing ttie plugs 1 165 into tfie fluid passage 1 130 at a surface location in a 
conventional manner. The plugs 1 1 65 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example. 



brass balls, plugs, rubber balls, or darts modified in* kccijrilanieivWtfi the teachings of the 
present disclosure. 

In a preferred embodiment, the plugs 1 165 comprise low density nibber balls. In 
an alternative embodiment, for a shoe 1 1 05 having a common central inlet passage, the 
plugs 1 165 comprise a single latch dovm dart 

After placement of the plugs 1165 in the fluid passages 1 1 40. the non hardenable 
fluidlc material 1 161 is preferably pumped into the interior region of the tubular member 
1 1 10 below the mandrel 1 105 at pressures and flow rates ranging ftom approximately 
34.473 to 620.52813 bar (500 to 9.000 psQ and 151.4164 to 1 13.562.355 Httes/minute (40 to 
30,000 gallons^min). In a preferred embodiment, after placement of the phigs 1 165 in 
the fluid passages 1 140, the non hardenable fluidlc material 1 161 is preferably pumped 
into the interior region of the tubular member 1 1 10 below the mandrel 1 105 at pressures 
and flow rates ranging from approximately 82.737 to 586.0543 bar (1200 to 8500 psO and 
151.4164 to 4731.7648 litres/toinute (40 to 1250 gaflons/^) in order to qptfmaBy provide 
extrusion of typical tubulars. 

For typical tubular members 1 110, the extnision of the tubular member 
1 110 off of the expandable mandrel 1 105 wlU begin when the pressure of the 
interior region of the tubular member 1110 below the mandrel 1 105 reaches, for 
example, approxfmalely 82.737 to 586.0543 bar (1200 to 8500 psi). in a preferred 
embodiment, the extnision of the tubular member 1 1 10 off of the expandable 
mandrel 1 105 begins when the pressure of the Interior region of the tubular 
member 1 1 10 below the mandrel 1 105 reaches approximately 82.737 to 586.0543 
bar (1200 to 8500 psi). 

During the extnision process, the expandable mandrel 1 105 may be raised 
out of the expanded portion of the tubular member 1 1 10 at rates ranging, for 
example, from about 0 to 1.524 m/s (0 to 5 R/sec). In a preferred embodiment, 
during the extmslon process, the expandable mandrel 1 105 Is raised out of the 
expanded portion of the tubular member 11 1 0 at rates ranging from about 0 to 
0.6096 m/s (0 to 2 ft/sec) in order to optimally pix)vide pemiit adjustment of 
operational parameters, and optimally ensure that the extnision process wiU be 
completed before the material 1 160 cures. 

In a preferred embodiment, at least a portion 1 180 of the tubular member 1 1 10 
has an intemal diameter less than the outside diameter of the mandrel 1 105. In this 
manner, when the mandrel 1 105 expands the section 1 180 of the tubular member 1110. 
at least a portion of the expanded section 1 180 effects a seal with at 



leasl the wellbore casing 1012. In a jicfir^ ^biBsffiminX Ihfe seal Is effected 
by compressing the seals 1016 between the expanded section 1 180 and the 
wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the hibular member 1 1 10 and tfie 
casing 1012 ranges from about 34.473785 to 689.6757 bar C500 to 10.000 psi) in 
order to optimally provide pressure to activate tiie sealing members 1 1 45 and 
provide optimal resistance to ensure that the joint wiU wittistand typical extremes 
of tensile and compressive loads. 

In an alternative preferred embodiment, substantially all of the entire 
lengtfi of tiie tubular member 1 1 10 has an internal diameter less ttian tiie outside 
diameter of ttie mandrel 1105. In ttiis manner, extrusion of ttie tubular member 
1 1 10 by tfie mandrel 1 105 results In contact between substantially all of tfie 
expanded tubular member 1 1 10 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between Uie expanded tubular 
member 1 1 10 and tiie casings 1008 and 1012 ranges from about 34.473785 to 
689.6757 bar (500 to 10.000 psi) in order to optimally provide pressure to activate 
ttie sealing members 1 145 and provide optimal resistance to ensure tiiat tiie joint 
win withstand typical extremes of tensile and compressive loads. 

In a prefened embodiment, ttie operating pressure and flow rate of Uie 
material 1 161 is controllably ramped down when tiie expandable mandrel 1 105 
reachestiieupperendpprtionoftfietubularmemberlllO. In tills manner, the 
sudden release of pressure caused by Uie complete extnislon of ttie tubular 
member 1 1 1 0 off of ttie expandable mandrel 1 105 can be minimized. In a 
preferred embodiment, ttie operating pressure of tfie fluldic material 1 161 Is 
reduced in a substantially linear fashion from 100% to about 10% during ttie end 
of ttie extnislon process beginning when ttie mandrel 1105 has completed 
approximately aU but about 1.524m (5 feel) of ttie extmsion process. 

Altematfvely. or in combination, a shock absorfjer is provided in tfie 
support member 1 150 in order to absorb ttie shock caused by ttie sudden release 
of pressure. 



^1 



^ AltemaUvely, or in combination, a mandrel catching structure isprovided in 

the upper end portion of the tubular member 11 10 in order to catch or at least 
decelerate the mandrel 1 105. 

Referring to Fig. lOf. once the extrusion process is completed, the 
5 expandable mandrel 1 105 is removed from the weUbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1 1 05. 
the integrity of the fluldic seal of the joint between the upper portion of the tubuto 
member 1110 and the upper portion of the tubular Hner 1108 is tested using 
conventional methods. If the fluidic seal of the joint between the upper portion of 
10 the tubular member 1110 and the upper portion of the tubular liner 1008 is 
satisfactoiy, then the uncured portion of the material 1 160 witfiin tfie expanded 

tubuIarmemberlllOis ttienremovedinaconventional manner. TTiemateriallieO 
wittiin ttie annular region between Uie tubular member 1 1 10 and Uie tubular liner 
1008 Is then allowed to cure. 

1 5 As illustrated in Fig. lOf. preferably any remaining cured material 1 160 within 

the interior of ^he expanded tubular member 1110 is then removed In a 
conventional manner using a conventional driU siring. The resulting tie-back liner 
of casing 1 1 70 includes ttie expanded tubular member 1 1 10 and an outer annular 
layer 1 1 75 of cured material 1 160. 
20 As illustrated in Fig. 1 Og, ttie remaining bottom portion of ttie apparatus 1 1 00 
comprising ttie shoe 1 115 and packer 1 155 Is tfien preferably removed by drilling 
out tiie shoe 1 1 15 and packer 1 155 using conventional driUing metfiods. 

Inaparticulariypreferred embodiment. Uie apparatusIlOO incorporates me 
apparatus 900. 

25 '^^f«"^"S"«^toFigs. lla-llf.anembodimentofanapparatusandmettiod 

for hanging a tubular liner off of an existing wellbore casing will now be described 

As Illustrated in Fig. lia. a weBbore 1 200 is positioned In a subtenaneanfomiation 
1205. The wellbore 1 200 includes an existing cased section 1210 having a tubular 
casing 1215 and an annular outer layer of cement 1220. 
30 In order to extend tiie wellbore 1200 into tfie subterranean formation 1205. 
a drill string 1225 is used in a well known manner to drill out material from tiie 
subtenaneanfomiation 1205 to forni a new section 1230. 



As iUustrated In Fig. 1 lb, an ap^afus 1300 i^i foriping> weUbore casing 
in a subtenanean formation is Uien positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably Includes an expandable mandrel or 
pig 1305, a tubular member 1310, a shoe 1315. a fluid passage 1320, a fluid 
passage 1330, a fluid passage 1335, seals 1340, a support member 1345, and a 
wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
member 1345. The expandable mandrel 1305 is preferably adapted to controllably 
expand In a radial direction. The expandable mandrel 1305 may comprise any number 
of conventional commercially available expandable mandrels modified In accordance 
with ttie teachings of the present disclosure. In a prefened embodiment, die 
expandable mandrel 1305 comprises a hydraulic expansion tool substantially as 
disclosed In U.S. Pat No. 5,348,095, die disclosure of which is incorporated herein by 
reference, modified In accordance with die teachings of ttie present disclosure. 

The tubular member 1310 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 Is preferably expanded in the radial 
direction and extrudedoff of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example. 
Oilfield Country Tubular Goods (OCTG). 1 3 chromium steel tubing/casing or 
plastic casing. In a prefen^ed embodiment, the tubular member 1310 is 
fabricated from OCTG. The inner and outer diameters of the hibular member 
1310 may range, for example, from approximately 1.905 to 1 19.38 cms (0.75 to 47 
inches) and 2.667 to 121.92 cms (1.05 to 48 Inches), respectively. In apreferred 
embodiment, the Inner and outer diameters of the hibuIar member 131 0 range 
from about 7.62 to 39.37 cms (3 to 15.5 Inches) and 8.89 to 40.64 cms (3.5 to 16 
Inches), respecth^ in order to optimally provide minimal telescoping effect in 
the most commonly encountered wellbore sizes. 

In aprefened embodiment, tiie tubular member 1310 includes an upper portion 
1355, an intennediate portion 1360, and a lower portion 1365. In a preferred 
embodiment, tfie wall thickness and outer diameter of die upper portion 1355 of the 
tubular member 1310 range from about 0.375 to 3.81 (3/8 to I V4 Inches) and 8.89 to 40.64 
cms (3 14 to 16 Inches), respectively. In a preferred embodiment, Oie wall tiiickness 
and outer diameter of die Intennediate portion 1360 of ttie tubular member 1310 range 



from about 



53 



1.5825 to 1.905 cms (0.625 to 0.75 Inches') and 7.6^ t6-48.26x:rns '(3 to 19 inches), 
respectively. In a prefenred embodiment, the wall thiclcness and outer diameter 
of the lower portion 1365 of the tubular member 1310 range from about 0.375 to 
3.81 cms (3/8 to 1.5 inches) and 8.89 to 40.64 (3.5 to 16 inches), respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to the 
wall thickness of the upper and lower sections, 1 355 and 1 365, of the tubular 
member 1310 in order to optimally faciliate the initiation of the extmsion process 
and optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow dovm the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibili^ of buckling. For typical tubular member 1310 materials, the length of 
the tubular member 1310 is preferably limited to between about 12.192 to 6,096 
m (40 to 20,000 feet) in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional conunercially available shoes such as, for example, 
Super Seal II float shoe, Super Seal II Down-Jet float shoe or guide shoe with a 
sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an aluminum down-jet guide shoe with a sealing sleeve for a latch-down pltig 
available firom Halliburton Energy Services in Dallas, TX, modified in accordance 
with the teachings of the present disclosure, in order to optimally guide the 
tubular member 1310 into the wellbore 1200, c^timally fluidicly isolate the 
interior of the tubular member 1310, and optimally permit the complete drill out 
of the shoe 1315 upon the completion of the extrusion and cementing 
operations. 

In a preferred embodiment, the shoe 1315 further includes one or more 
side outlet ports in fluidic corrimunication with the fluid passage 1 330. In this 
manner, the shoe 1315 preferably injects hardenable fluidic sealing material into 



the region outside the shoe 1315 and tuSolar m'ember 1^1 6/ hi a preferred 
embodiment, the shoe 1315 includes the fluid passage 1330 having an inlet 
geometry that can receive a fluidic sealing member. In this manner, the fluid 
passage 1330 can be sealed off by introducing a plug, dart and/or ball sealing 
elements into the fluid passage 1330. 

The fluid passage 1320 permits fluidic materials to be transported to and from the 
interior region of the tubular member 1310 below the e3q>andable mandrel 1305. The 
fluid passage 1320 is coupled to and positioned within the support member 1345 and the 
expandable mandrel 1305. The fluid passage 1320 preferably extends from a portion 
adjacent to the surface to the bottom of the expandable mandrel 1305. The fluid 
passage 1320 is preferably positioned along a centerline of the apparatus 1300. The fluid 
passage 1320 is preferably selected to transport materials such as cement, diiOirig mud» 
or epoxies at flow rates and pressures ranging irom about 0 to 1 1356.2355 litres/minute 
(0 to 3,000 gaDon^/hiinute) and 0 to 620.5281 3 bar (0 to 9.000 psi) in order to optimally 
provide sufiicient operating pressures to circulate fluids at operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 In fluidic 
communication vsnth the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block iurther passage of fluidic materials. In this 
marmer, the interior region 1370 of the tubular member 1310 below the 
expandable mandrel 1305 can be fluidicly isolated from the region exterior to the 
tubular member 1 310. This permits the interior region 1370 of the tubular 
member 1310 below the expandable mandrel 1305 to be pressurized. The fluid 
passage 1330 is preferably positioned substantially along the centerline of the 
apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as cement, 
drilling mud or epoxies at flow rates and pressures ranging from about 0 to 1 1356.2355 
illres/minute (0 to 3,000 gaDonsAnlnute) and 0 to 620.52813 bar (0 to 9,000 psi) in order to 
optimally fill the annular region between the tubular member 1310 and the new section 
1230 of the wellbore 1200 with fluidic materials. In a preferred embodiment, the fluid 
passage 1330 



55 



includes an inlet geometiy that can reteWe a dart *and/ofa baU sealing member. 
In this manner, the fluid passage 1330 can be sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and from the 
region exterior to the tubular member 1310 and shoe 1315. The fluid passage 1335 is 
coupled to and positioned within the shoe 1315 In fluidic communication with the fluid 
passage 1 330. The fluid passage 1 335 is preferably positioned substantially along the 
centerline of the apparatus 1300. The fluid passage 1335 is preferably selected to convey 
materials such as cement, drilling mud or epoxies at flow rates and pressures ranging 
from about 0 to 1 1356.2355 Btres/mlnute (0 to 3,000 gaUons/mlnule) and 0 to 620.52813 
bar (0 to 9,000 psi) in order to optimally fill the annular region between the tubular 
member 1310 and the new section 1230 of the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 
1355 of the tubular member 1310. The seals 1340 are further positioned on an 
outer surface of the upper end portion 1355 of the tubular member 1310. The 
seals 1340 permit the overlapping joint between the lower end portion of the 
casing 1215 and the upper portion 1355 of the tubular member 1310 to he 
fluidicly sealed. The seals 1 340 may comprise any number of conventional 
conunercially available seals such as, for example, lead, mbber, Teflon™, or 
epoxy seals modified in accordaiKe with the teachings of the present disclosure. 
In a preferred embodiment, the seals 1340 comprise seals molded from 
Stiatalock epoxy available from Halliburton Energy Services in Dallas, TX In order 
to optimally provide a hydraulic seal in the annulus of the overlapping joint while 
also creating optimal load bearing capability to withstand typical tensUe and 
compresshre loads. 

In a preferred emtK>diment, the seals 1 340 are selected to optimally 
provide a sufficient fnctional force to support the expanded tubular member 1310 
from the existing casing 1215. In a preferred embodiment, the frictional force 
provided by the seals 1340 ranges from about 68.94757 to 68,947.57 bar (1,000 to 
1,000,000 IbO in order to optimally support the e3q>anded tubular member 1310. 

The support member 1345 is coupled to the e?qpandable mandrel 1305, tubular 
member 1310, shoe 1315, and seals 1340. The support memt>er 1345 pieferably 
comprises an annular member having sufficient strength to cany the apparatus 1300 into 
the new section 1230 of the wellbore 1200. In a preferred 



embodiment, the support member 1 345 further includes one or more conventional 
centraiizers (not illustrated) to help stabilize the tubular member 1310. 

In a preferred embodiment, the support member 1 345 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1300. In this manner, 
5 the introduction of foreign material into the apparatus 1300 is minimized. This 
minimizes the possibility of foreign material clogging the various flov^ passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes with 
the expansion process. 

The wiper plug 1 350 is coupled to the mandrel 1 305 v^thin the interior region 
10 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid passage 
1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may comprise 
one or more conventional commercially available wiper plugs such as, for example, 
Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or three-wiper 
latch-down plug modified in accordance with the teachings of the present 
15 disclosure. In a preferred embodiment, the wiper plug 1350 comprises a Multiple 
Stage Cementer latch-down plug available from Halliburton Energy Services in 
Dallas, TX modified in a conventional manner for releasable attachment to the 
expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 1300 
20 within the new section 1 230 of the wellbore 1 200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might clog up the various flow passages and valves of the 
apparatus 1 300 and to ensure that no foreign material interferes with the extrusion 
process. 

25 As illustrated in Fig. 1 Ic, a hardenable fluidic sealing material 1380 is then 

pumped from a surface location into the fluid passage 1 320. The material 1 380 then 
passes from the fluid passage 1320, through the fluid passage 1375, and into the 
interior region 1370 of the tubular member 1310 below the expandable mandrel 
1305. The material 1380 then passes from the interior region 1370 Into the fluid 

30 passage 1330. The material 1380 then exits theapparatus 1300 via the fluid passage 
1 335 and fills the annular region 1 390 between the exterior of the tubular member 
1310 and the interior wall of the new section 1 230 of the wellbore 1 200. Continued 
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pumping of the materia] 1380 causes*flie'materi'al 1380 tofiu'up at least a portion 
of the annular region 1390. 

The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 344.73785 bar (0 
to 5000 psi) and 0 to 5678, 1 1 77 Btres/minute (0 to 1 ,500 gallons/min), 
respectively. In a prefen^d embodiment, the material 1380 is pumped into the 
annular region 1390 at pressures and flow rates ranging from about 0 to 
344.73875 bar (0 to 5000 psi) and 0 to 5678.1177 litres/minute (0 to 1,500 
gallons/min), respectively, in order to optimally fill the annular region between 
the tubular member 1310 and the new section 1230 of flie wellbore 1200 with the 
hardenable fluidic sealing material 1380. 

The hardenable fluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the well section being drilled and available tvom Halliburton 
Energy Services in order to optimally provide support for the tubular member 
1310 during displacement of the material 1 380 in the annular region 1390. The 
optimum blend of the cement is preferably determined using conventional 
empirical methods. 

The annular region 1390 preferably is filled with the material 1380 in 
sufficient quantities to ensure that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 vNdll 
be filled with material 1380. 

As illustrated in Fig. 1 1 d, ODce the annular region 1390 has been 
adequately filled with material 1380, a wiper dart 1395, or other similar device, is 
introduced into the fluid passage 1320. The wiper dart 1395 is preferably pumped 
through the fluid passage 1320 by a non hardenable fluidic material 1381 . The 
wiper dart 1395 then preferably engages the wii>er plug 1 350. 

As iUustrated in Fig. 1 le, in a preferred embodiment, engagement of the 
wiper dart 1395 with the wiper plug 1350 causes the wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



^ passage and fluidicly isolatixig thb'biferior region 13'70 of the tubular 

member 1310 from the annular region 1390. In a preferred embodiment, the non 
^ hardenable iluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
5 becomes sufficiently pressurized, the tubular member 1310 is extruded ofif of the 
expandable mandrel 1305. During the extrusion process, the expandable mandrel 
1306 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1396 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 into the flmd passage 1320 at a surface location 
in a conventiozial manner. The wiper dart 1395 may comprise any number of 
conventional commercially available devices from plugginga fluid passage such as, 
for example, Multiple Stage Cementer latch-down plugs. Omega latch-down plugs 
or three wiper latcb*down plug/dart modified in accordance with the teachings of 
15 the present disclosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down phig modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch*down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 344.73785 bar (0 to 5000 psi) and 0 to 5678.1 177 litres/minute (0 to 
1500 gallons/min) in order to optimaUy extrade the tubular member 13 1 0 off of the 
mandrel 1305. In this manner, the amount of hardenable fluidic material within the 
2g interior of the tubular member 1 3 1 0 is minimized. 

In a prefcned embodiznent, after blocking the fluid passage 1330, the non hardenable 
fluidic material 1381 is preferably pumped into the interior region 1370 at pressures and flow 
rates ranging Scorn approximately 34.473 to 620.52813 bar (500 to 9,000 psi) and 151.4164 to 
11356.2355 Utres/rainute (40 to 3.000 gallonsAnin) in order to optimally provide operating 
pressures to maintain the expansion process at rates sufficient to permit adjustments to be made 
30 in operating parameters during the extmsionja-ocess. 
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For typical tubular members 1310, thfe extrusion bl tfieiubui^meinber 1310 off of the 
expandable mandrel 1305 will begin when the pressure of the interior region 1 370 reaches, for 
example, approximately 34.473 to 620.52813 bar (500 to 9,000 psi). In a preferred embodiment, 
the extrusion of the tubular member 1310 off of the expandable mandrel 1305 Is a function of the 
tubular member diameter, wall thickness of the tubular member, geometry of the mandrel, the 
type of lubricant, the composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably determined 
using conventional empirical methods. 

During the extrtislon process, the expandable mandrel 1305 may be raised out of 
the expanded portion of the tubular member 1310 at rates ranging, for example, from 
about 0 to 1.524 m/s (0 to 5 ft/sec). In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1305 may be raised out of the expanded portion of the 
tubular member 1310 at rates ranging from about 0 to 0.6096m (0 to 2 Wsec) in order to 
optimally provide an efficient process, optimally permit operator adjustment of operation 
parameters, and ensure optimal completion of the extrusion process before curing of 
the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extmded off of 
the expandable mandrel 1305, the outer surface of the upper end portion 1355 of the 
tubular member 1310 vsdU preferably contact the interior surface of the lower end portion 
of the casing 1215 to form an fluid tight overlapping joint. The contact pressure of the 
overlapping joint may range, for example, from £q>proximately 3.447379 to 1,278.9514 bar 
(50 to 20,000 psi). In a preferred embodiment, the contact pressure of the overlapping 
joint ranges from af^roximateiy 27.579028 to 689.4757 bar (400 to 10,000 psi) in order to 
optimally provide contact pressure sufTicient to ensure annular seeding and provide 
enough resistance to VNithstand typical tensile and compressive loads. In a particularly 
preferred embodiment, the sealing members 1340 will ensure an adequate fluidic and 
gaseous seal in the overiapping joint 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material 1381 is controUably ramped dawn when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. In this 
marmer, the sudden release of pressure caused by the complete extrusion of the tubular 
member 1310 off of the expandable mandrel 1305 can be minimized. In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion from 
100% to about 10% during tiie end of the extmsion process beginning when the mandrel 
1305 has completed ^^proximately all but al>out L524 m (5 feet) of the extrusion process 



Altematively, or in combinatiph> a,shocl< alJ^irbcxK fvovided in the 
support member 1345 in order to absorb the shock caused by the sudden release 
of pressure. 

Altematively, or in combination, a mandrel catching structure is provided 
in the upper end portion 1355 of the tubular member 1310 in order to catch or at 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 Is 
removed from the weDbore 1200. In a preferred embodiment, either before or 
after the removal of the expandable mandrel 1305, the integrity of the fluldic seal 
of the overlapping joint t>etween the upper portion 1355 of the tubular member 
1310 and the lovsrer portion of the casing 1215 is tested using conventional 
methods. If the fluidlc seal of the overlapping joint between the upper ]X)rtion 
1355 of the tubular member 1310 and the lov^r portion of the casing 1215 is 
satisfactory, then the uncured portion of the material 1380 within the expanded 
tubular member 1310 is then removed In a conventional manner. The material 
1380 within the annular region 1390 is then allowed to cure. 

As illustrated in Fig. 1 If, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional marmer using a conventional drill string. The resulting new section 
of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The l>ottom portion of the apparatus 1300 
comprising the shoe 1 315 may then be removed by drilling out the shoe 1315 
using conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
formation has been described that includes installing a tubular liner and a 
mandrel in the borehole. A body of fluldic material is then injected into the 
borehole. The tubular liner is then radially expanded by extmding the liner off of 
the mandrel. The injecting preferably includes injecting a hardenable fhiidic 
sealing material into an annular region located between the borehole and the 
exterior of the tubular liner; and a non hardenable fluldic material into an interior 
region of the tubular liner 
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below the mandrel. The method preferably Includes flufdicly isolating the. 
annular region from the interior region before Injecting the second quantity of the 
non hardenable sealing material Into the interior region. The injecting the 
hardenable fluldic sealing material is preferably provided at operating pressures 
and flow rates ranging from about 0 to 344.73785 bar (0 to 5000 psi) and 0 to 
567.1 177 litres/minute (0 to 1,500 gailons/min). The injecting of ttie non 
hardenable fluidic material is preferably provided at operating pressures and flow 
rates ranging from about 34.473 to 620.52813 bar (500 to 9000 psi) and 151.4164 
to 1 1356.2355 Utres/minute (40 to 3,000 gallons/min). The injecting of the non 
hardenable fltddic material is preferably provided at reduced operating pressures 
and flow rates during an end portion of the extruding. The non hardenable 
fluldic material is preferably injected below ttie mandrel. The method preferably 
includes pressurizing a region of the tubular liner below the in^ndrel. The region 
of the tubular liner below the mandrel Is preferably pressurized to pressures 
ranging from about 34.473 to 620.5281 3 bar (500 to 9,000 psi). The metiiod 
preferably includes fluldicly Isolating an Interior region of the tubular Uner fifom 
an exterior region of the tubular liner. The meUiod further preferably includes 
curing the hardenable sealing material, and removing at least a portion of the 
cured sealing material located within the tubular liner. The method further 
preferably includes overlapping the tubular liner with an existing wellbore casing. 
The method hirther preferably includes sealing tiie overiap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using tiie overlap with the existing vi/ellbore 
casing. The method further preferably includes testing the Integrity of the seal in 
the overlap between the tubular liner and the existing wellbore casing. The 
method further preferably includes removing at least a portion of the hardenable 
fluldic sealing material within the hibular liner before curing. The method further 
preferably includes lubricating the surface of the mandrel. The metiiod further 
preferably includes absorbing shock. The metiiod further preferably includes 
catching the mandrel upon the completion of the extruding. 



^ An apparatus for creating a casin|^'ih a borehole located in a subterranean 

forxoation has been described that includes a support member, a mandrel, a 
tubtilar member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and includes a second fluid passage. 
5 The tubular member is coupled to the mandrel. The shoe is coupled to the tubular 
liner and includes a third fluid passage. The first, second and third fluid passages 
are operably coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member fluther preferably includes a shock 
10 absorber. The support member preferably includes one or more sealing members 
adapted to prevent foreign material firom entering an interior region of the tubular 
member. The mandrel is preferably eiq>andable. The tubular member is 
preferabJiy fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods, 13 chromium steel tubing/casing, and plastic casing. The 

16 tubular member prefisxably has mner and outer diameters laoging fom about 7.62 to 39.37 cms (3 to 15.5 
inches) and 8.89 to 40.64 cms (3.5 to 16 inches), respectively. The tubular member pzeferably has a plastic 
yield point rax^ from about 275.9028 to 9307,92195 bar (40,000 to 135,000 psi). The tubular 

member preferably includes one or more sealing members at an end portion. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing down the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferabfy is drillable. 

Amethodof joiningasecond tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that includes positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tubular members in an overlapping relationship, pressurizing a 
portion of the interior region of the second tubular member; and extruding the 
30 second tubular member off of the mandrel into engagement with the first tubular 
member. The pressurizing of the portion of the interior region of the second 
_ tubular member is preferably provided at operating pressures ranging firom about 



34.473 to 620.528 1 3 bar (500 to 9,000 psi). TTie pressmKMnfiTo^ the poitioti of tbc interibr region of the 

^ second tubular member is preferably provided at reduced operating presstires 
during a latter portion of the extruding. The method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandrel. The method further preferably 
includes absorbing shock. 

A liner for use in creating a new section of wellbore casing in a subterranean 
10 formation adjacent to an already existing section of wellbore casiag has been 
described that includes an annular member. The annular member includes one or 
more sealing members at an end portion of the annular member^ and one or more 
pressure relief passages at an end portion of the annnlar member. 

A wellbore casing has been described that includes a tubtilar liner and an 
16 anniilarbodyofacxiredfluidicsealingmaterial. The tubular liner is formed by the 
process of extruding the tubular liner o£f of a mandreL The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrel within 
the wellbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured fluidic sealing material is preferably formed by the 
20 process of injecting a body of hardenable fhiidic sealing material into an annular 
region external of the tubular liner. During the pressurizing, the interior portion 
of the tubular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 

to pressures rangiog from about 34.473 to 620.52813 bar (500 to 9fl00 psi). The tubular liner preferably 

25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably supported the overlap with the 
existing wellbore casing. 

A method of repairing an ^istiog section of a wellbore casing within a 

30 borehole has been described that includes installinga tubular liner and a mandrel 
within the wellbore casing, injecting a body of a fluidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radialbr 



expaBding the liner in the borehole by eztHiding the liner off of the mandrel. In 
a preferred embodiment, the fluidic material is selected from the group consisting 
^ of slag tniy^ cement, drilling mud, and epoxy. In a preferred embodiment, the 
method fiirther includes fluidicly isolating an interior region of the tubular liner 
5 from an exterior region of the tubular liner. In a preferred embodiment, the 
injecting of the body of fluidic material is provided at operating pressures and flow 
rates nnsing fiom about 34473 1o 620.52813 bar (500 to 9,000 psi) and 151.4164 to 113562.355 
^ ' litres/minute (40 to 3,000 gaDonaMiin). In a preferred embodiment, the injecting of the body of fhiidic 
material is provided at reduced operating pressures and flow rates during an end portion of tiie extruding. 

10 In a preferred enibodiment, the fliiidic material iaiivected below In 
a preferred embodiment^ a region of the tubular liner below the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular liner below the 
mandrel is pressurized to pressures ranging fiom about 34.473 to 620.52813 bar (500 to 9,000 psi). In a 

preferred embodiment, the method further includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the method fiurther 
inchides sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method fiurther includes testing the integrity of the seal in the 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel. In a preferred embodimmt, the method further includes absorbing 
shock. In a preferred embodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie*back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an «tiniiiar body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubtdar liner 
off of a mandrel The annular boc^y of a cmred fluidic sealing material is coupled 
30 to the tubular liner. In apreferred embodiment, the tubular liner is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
^ pressurizing an interior portion ofthe tubular liner. In a preferred embodiment, 



during the pressurizing, the Interior portion of the tubular liner is fluidicly isolated 
from an exterior portion of the tubular liner. In a preferred embodiment, the interior 
portion of the tubular liner is pressurized at pressures ranging from about 34.473 to 
620.52S1 3 bar (500 to 9,000 psi). In a prefened embodiment, the annular body of a 
cured fluidic seaHng material is fomied by the process of injecting a body of 
hardenable fluidic sealing material Into an annular region between the existing 
wellbore casing and the tubular liner, in a preferred embodiment, the tubular liner 
overtaps with another existing wellbore casing. In a prefened embodiment, the tie- 
back liner further includes a seal positioned in the overiap between the tubular Uner 
and the other exisUng wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overiap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
indudes a support member, a mandrel, a tubular member, and a shoe. The 
support member Inchides a first fluid passage. The mandrel is coupled to the 
support member. The mandrel inchides a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of ttie mandrel is drillable. The tubular member is coupled to the mandrel. 
The shoe is coupled to the tubular member. The shoe includes a third fluid passage 
operably coupled to tiie second fluid passage, an interior portion, and an exterior 
portion. The interior portion of ttie shoe is drillable. Preferably, ttie interior portion 
of tiie mandrel includes a tubular member and a load bearing member. Preferably, 
the load bearing member comprises a drillable body. Preferably, tiie interior 
portion of tiie shoe includes a tubular member, and a load bearing member. 
Preferably, Oie load bearing merriber comprises a drillable body. Preferably, ttie 
' exterior portion of tt»e mandrel comprises an expansion cone. Preferably, ttie 
expansion cone is fabricated from materials selected from ttie group consisting of 
tool steel, titanium, and ceramic. Preferably, ttie expansion cone has a surface 
hardness ranging from about 58 to 62 RockweU C. Preferably at least a portion of 
the apparatus is drillable. 

Alttiough illusUathre embodiments of ttie invention have been shown and 
described, a wide range of modification, changes and substihition is contemplated 
in ttie foregoing disclosure. In some instances, some features of ttie present 
invention may be employed wittiout a corresponding use of ttie ottier features. 



Accordingly, it is appropriate thai the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 
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CLAIMS 



1. An apparatus, comprising: 
a wellbore; 

5 a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
10 second wellbore casings: 

wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of: 

extruding at least a portion of the tie-back liner 
off of a mandrel, 

15 

2. The apparatus of claim 1, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of: 

placing the tie-back liner and mandrel within the 
20 wellbore; and 

pressurising an interior portion of the tie-back 
liner. 

3. The apparatus of claim 2, wherein during the 
25 pressurising, the interior portion of the tie-back 

liner is fluidicly isolated from an exterior portion of 
the tie-back liner. 

4. The apparatus of claim 2, wherein the interior 
30 portion of the tie-back liner is pressurised at 

pressures ranging from 34.473 to 620.52813 bar (500 to 
9, 000 psi) - 

5. The apparatus of claim 1, further comprising: 
3 5 an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie- 



back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
material is formed by the process of: 

injecting a body of hardenable fluidic sealing 
material into the annulus between the tie-back liner 
and one of the first and second wellbore casings. 

6. The apparatus of claim 1, further comprising a 
seal positioned in the overlap between the tie-back 
liner and the first and second wellbore casings. 

7. An apparatus, con?5rising: 
a wellbore; 

a first wellbore casing coupled to the wellbore; 

a second wellbore casing coupled to the wellbore 
and overlapping with the first wellbore casing; and 

a tie-back liner coupled to the first and second 
wellbore casings and overlapping with the first and 
second wellbore casings; 

wherein the tie-back liner is coupled to the first 
and second wellbore casings by the process of : 

radially expanding at least a portion of the tie- 
back liner within the wellbore. 

8. The apparatus of claim 1, wherein the tie-back 
liner is coupled to the first and second wellbore 
casings by the process of: 

placing the tie-back liner and an expansion device 
within the wellbore; and 

pressurising an interior portion of the tie-back 
liner. 

9. The apparatus of claim 8, wherein dviring the 
pressurising, the interior portion of the tie-back 



( 



liner is fluidicly isolated from an exterior portion of 
the tie-back liner. 



10. The apparatus of claim 8, wherein the interior* 
5 portion of the tie-back liner is pressurised at 

pressures ranging from 34.473 to 620.52813 bar (500 to 
9, 000 psi) . 

11. The apparatus of claim 1, further comprising: 
10 an annular body of a cured fluidic sealing 

material positioned within an annulus between the tie- 
back liner and one of the first and second wellbore 
casings; 

wherein the annular body of cured fluidic sealing 
15 material is formed by the process of: 

injecting a body of hardensdDle fluidic sealing 
material into the annulus between the tie-back liner 
and one of the first and second wellbore casings. 

20 12. The apparatus of claim 7, further comprising a 
seal positioned in the overlap between the tie -back 
liner and the first and second wellbore casings. 

13. Apparatus substantially as hereinbefore described 
25 with reference to any one of the accompanying drawings. 
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